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Report of the Secretary of the 
Smithsonian Institution 

I-EONARD CARMICHAEL 
For the Year Ended June 30,1955 

To the Board of ReffonU of the SfnUh^imiaTi Ins^Uutu^^n^ 

Gbntlemen : I have tlie hniior to submit a report shotiiug the activ- 
itiofl and condition of the Smithsonian Institution and its branches 
for the fiscal year ended June 30,1955. 

GENERAL STATEMENT 

The period csovered by this report has been an active and fruitful 
one for the Smithsonian Institution. 

It 'waa noted in last years report tliat much time has been devoted 
to preliniinary planning for the new buildings so urgently needed to 
make the museums of the Smithsonian coKip*ivable to the modem 
national museums of other great nations. The Institntion^H collec- 
tions are probably the largest in thno world, but because of the inade* 
quBcj of its present buildings these collections can now be presented 
to the public in only most limited ways. 

Building Frosrim Gbiab Conai^^Bionil Support 

It ia a great satisfactioD to bo able to report that legislation pro¬ 
viding for tbe plaBning and erection of a now mosouin building for 
the Smitlisonijin Institution was anactod during the drat season of the 
84th Gongresa. The bill, authorizing a $3C-mlllion Museum of His- 
toty and Teohnolagy, was signed by President Sis^nhower on June 28, 
1951!. Subsequently, Congress appropriated $2,283,009 for the im¬ 
mediate planning of this great new museum, bringing it even further 
toward the realm of actuality. During the discussion of this leg^B- 
lation on the door of the House of Kepresentatives, many faror^le 
statements were made about the place of the Smithsonian Institution 
in our national life. All of us at the Smithsonian aiw indeed grateful 
for tbe bard work done by so many people in connection with this leg¬ 
islation, which clears the great hurdle from the path toward providing 
adequate and fitting bousing for many of the Nation's priceless treas- 
unas. Certainly it is the greatest event for the Smithsonian Institu¬ 
tion since the erection of the Natural Histoiy Huilding half a century 
iiga 


1 



2 


ANNUAL BEPORT SariTHSOSJAN INSTITUTION, 10*5 


The now Museum of History and Technology will house all the 
national colicctiona that record and illiLstrute tlie political, cultural, 
industrial, scientific, and militiiry’ development of the United States, 
For the most paii the materials to be exhibited in this new museum are 
those now on display or stored in tho Arts and Industries Building. 
Some collections now temporarily housed in the Katui'al History 
Building will also find a place in the new building, 

The new museum as wo plan it will be both a museum of United 
States history and a museum of science, engineering, and industry. 
Tliis conibiiiation is especially appropriate for a nation in which the 
industrial revolution achieved a most luxuriant flow'cring-—matching 
the earlier American devolution that gave our country its fi^edom 
and its unique institutions. 

The iluscuui of History and Technology will bo the Station's lus- 
tory book of objects. In it tho main etements of our national progress 
will be represented and related. To replace the clutter of coses and 
machines tlint crowd the old Arts and Industries Building, wo plan 
a series of modern halls highlighting the pHncipnl perils of our 
history' from colonial days to the present. Eacli main hull will illus¬ 
trate the dominant character of a particular period (the exploration 
of the West, for example) against a background of tho times. This 
story of our national development will bo told with original docu- 
nxents, machines, costumes, inventions, liome furnishings, weapons, 
the personal elTects of famous Americans, and many other classes of 
authentic objecte. 

Connected with tiiose main hnHs will be others in which tlie exhibits 
will amplify the themes of the main halls with subjects that might 
include Agriculture and Trade in the Colonies, Transportation to 
the Frontier, and otliers. Many halls will illustrate tho development 
of particular devices or subjects, such as nulomobilea, mining, medi¬ 
cine, costumes, manufacture engineering, and science. Hero will be 
demonstrated the painstaking study, work, management, and trials 
that have been the lifeblood of our Hation^s progress. Likewise will 
be show'n tho Smithsonian's world-fumous collections of stamps and 
coin^ gitns, watercraft models, and all the others that have made the 
Institution a raecca for gdiolars, collectors, and hobbyists, the country 
over. * ^ 


The sitochosen for the new building is the Mall area of Wasliington 
funded on the nortli by Constitution Avenue, on iho east by 12th 
Street, on the south Ly IMadison Drive, and on the west by 14th Street 
Aaturally much difficult and prolonged work lies ahead before such 
a monunicntal task can ^ consummated, but it is our earnest hope 
that the fanal planning of this new building may be done in 1066 and 
that construction may begin in li)57. 
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Oiiiei Buiy riMuiai 

By tha use of prlvato funds given to tlio Institution speciticall^ for 
tlie purpose, prcliniiriftry architectural studies were made duriufj tUe 
year for tliG projected new Kutional AJr Alnseuin. The projxjsed site 
for this museum is between 9th and ISLh Streets, SW.| on the south 
side of Independence Avenue, where it would be closely associated 
with other Smithsonian buildings, Ko final cstiiuatfis have yet been 
given of tlie new Air Sluscum^s cost or of the time when it may be 
most appropriate to ask for public or private funds for it& erection. 

This new building is urgently needed. Tlio airplane is in many 
reapecta a product of tlie genius of lUo American j^eoplo. The Smith¬ 
sonian collections in thiE gi-eat field, beginning with the Wright 
brothers^ *^Kitty Hawk'* itself, are unrivaled in the world* Today 
many of the most itni>ortant treasures^ of the SmiLlisoaiaD collrctioii 
of oirernft and associated ubjccts are crated and held in storage, Tlicy 
are fiius not available either for the public or even for the use of en¬ 
gines and patent aulhoLitiea. As soon as possible it is important to 
find means, public or private, or both, for the erection of a evulahle 
building for this great collection* 

The Kational Collection of Pino Arta is now also mo^ inadequately 
provided for in an incongruous setting in the Katural History Huild- 
ing. As was especially emphasis^ in last yearns re^iort, a new Smith¬ 
sonian Institution Gallery of Art to house the great historical paint- 
ings in this collection, the National Portrait Gallery, and the work of 
deserving living artists is most urgently needed. The collections that 
wdll be displayed in the proiKJsed new gallery would include painting, 
sculjHure, ceramics, and other forms of decorative art* 

Authorkation to construct wings on the Natural History Building 
was approved by Congress in 1&32, but it lias never been implemented 
by an appropriation. Our superlative study collections in natural 
history are crowded from attic to basement and Lave csdcnsively in- 
vaded the exhibition halls* To be of Uie greatest use to the Nation, 
these collections must continue to groiv, for only in this w^ay can they 
become more complete and thus more useful in the scientific and eco¬ 
nomic researclics conducted by many oUier agencies. Boom for ex¬ 
pansion is urgently needed for all Uie collections in anthropology, 
geology, and zoology. Also far below our needs is laboratory sj>aea 
for the scientists and aid^ working on tliese collections, and for the 
visiting RjKcialists who so freely and generously assist in this work. 
Tlie over-all situation is such that the addition of wings on the Nsttiral 
History Building must hold high priority in the Institution's build¬ 
ing program. 
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Eilublu Modemi ntian !n FuU Swipg 

During tlie year further progresa was made in (Jie renovation of 
major eiliibits nt the Sraitiisoniiin Institution, under the long-rangn 
modernization program authorized by Congress. President and Jtrs. 
Dwight D. Eisenhower honored tho Smithsonian by coming to the 
Institution on May 24< On that occasion Mrs. Eisenhower officially 
opened tlie new First Toadies Hall at special ceremonies in the Arts and 
Industries SJuiIding. This hall displays in authentic settings gowns 
w'om by each of tlie ladies in tho history of the country who have 
served as Presidimtial hostesses. lu creating the new settings the de¬ 
signers wherever possible have combined real architectural details 
tahen from the li'niite House in its various renovations with furniture 
and fizturus owned by or associated with both the White House and 
the First readies. The dresses are thus seen in the type of surround¬ 
ings in which they were worn. All the objects, for example, in the 
room in which hfartha Washington’s dresa is displayed, belonged to 
President Waahiugtoji. A large and beautiful mirror on exhibit in 
thifl room which belonged to President Washington hag been at the 
Smithsonian Institution for mono than 60 years, but never before baa 
it been on display. The amazing success of this nevr hall is attosted 
by the crowds of visitors that it attracts. 

In the Natural History Building a modernized hall illustrating the 
life of various Indian tribes of Cali fornia, southwestern United States, 
and Latin America was formaUy opened on June 2, as a feature of 
tho program of the flOth Annual Convention of tlic American Asso¬ 
ciation of Museums held in Washington. These exhibits, numbering 
more than BO in all, use mainly materials long in the posse^on of the 
Smithsonian but present them in such an attractive way that the 
visitors may learn easily and quickly how these primitive peoples 
actually lived. They stress the remarkable ingenuity of the American 
Indians in utilizing the natural resources of such different environ¬ 
ments aa eeacoasts, deserts, grasslands, jungles, and mountain valleys 
to provide food, clothing, shelter, and materials for arts and crufts, 
Tho ability of tbo primitive Indian to wrest a living from the most 
uninviting environments is n stri fci ng characteristic. The wide range 
of Indian skills in handicrafts is represented in displays of California 
Indian baskets (some of tho world’s dnesl basketwork), Navaho weav¬ 
ing and ailverwork, Pueblo Indian decorated pottery, colorful weav¬ 
ings of Guatemalan Indians, religions wood carvings of the San Bias 
China in Panam^ and pnintinga on guanaco skins worn as tobee by 
Tcbnelche Indians in Argentina. Included are nine large, dramati¬ 
cally lighted groups of lifo-slzo Indian figures engaged in typical 
tribal activities. Another shows Navaho weavets and allvorsniiths 
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at work. Still otlifera illustmto the preiwiration of acom meal by 
Hupa Indians of northern CahforiuRj the prcsoesiiig of cassava by 
Carib Indjans in British Gnianai and Tehuelche horsemen packing 
their belongings in moving camp* Five dioramas portray the life 
of other Indian tribes* One of them recreates in mi ni atn re a vi llage of 
Lucayan Indians in the Bahamas in which the natives are escitedly 
viewing the approach of Columbus’s ships. Another diorama rep¬ 
resents a simple hunting camp of the sparely clothed, poorly housed 
TTiihgfm Indians of Tievra del FuegOj the southernmost people of the 
world. Themes of wide popular interest are interpreted in other ex¬ 
hibits—such as Uie process of shrinking human heads employed by 
Jivaro warriors of tlie Ecuadorian jungles, the const met ion of a 
Pueblo Indian apartment housCi and the use of shells for money in 
native CaJiforniu, 

A companion hall will soon be started interpreting the lives of the 
Eskimo and the Indians of Canada and of the United State* east of 
the Rocky Mountains* Progress was made during the year on a new 
hall in which selected portions of the magnificent bird collection of 
the Smithsonian can be displayed* Work has also been done on the 
new Korth American tnommal haU, on a hall that will show the de¬ 
velopment of power machinery, and on another hall that will illus¬ 
trate the cultural history of the United States. Although some of 
the exhibits in these halls will be moved to the new buildiDg, it is 
especially important to prepare them as soon as possible, beennse the 
labor involved in each such presentation is very time-consuming, and 
only by having modern exhibits ready to be installed in tlie new 
building can maximum use be made of the iniproved facilities of such 
a structure as soon as it is opened- 

During the year tlie public comfort itMins of the Natural HiEtory 
Building, whicli had not been generally repaired since 1910, were 
modernized. The steam supply lines of the Arts atid Industries 
Building and of the Freer Gallery of Art were replaced. This latter 
building for the first time since its erection was tlioroughly cleaned 
inside and repainted. More than half of the exhibit halls of the 
Arts and Industries Building were repainteA. Some of tlia paint 
in these rooms had peeled from the plaster, and iu other places it 
w-aa seriously ataineA The bright new color* of presentniay paints 
have done much to improve the visibility of exhibits and the attrac¬ 
tiveness of the building. 

THE ESTABUSBMENT 

Tho Smitiisonian Institution was crt?atKl by act of Congress in 
1846, in accordance with the terms of the will of James Smithson, of 
England, who in 18S6 bequeathed hia prof^erty to the United States 
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of America at WiisTiington, under the name of the Smith¬ 

sonian Institution, an establishment for tlic increase and diffusion of 
Imowledge ntnnng men,’' In receiving the property and Bccepting 
the trust. Congress determined tlmt the Federal ^vernment was 
without authority to administer tha trust directly, and, therefore, 
constituted an “establishment” wlio^ statutory members are “the 
President, the Vice President, the Cliief Justice, and tJio heads of the 
executive departments,” 

TITE BOARD OF REGENTS 

The affairs of the Institution are adniinistered by a Board of Re¬ 
gents whose nienibershtp consists of “the Vice President, tha Chief 
Justice of the United States, and three members of the Senate, and 
three tiietnbcrs of the House of Bepvesentatives; togetlier with six 
other persons, other than members of Congress, two of whont shall be 
rCiTident in the city of TVasliington and the other four shall bo in¬ 
habitants of some State, but no two of them of the same State." One 
of the Hegcnta is elected Chancellor of the Board. In the past the 
selection has fallen upon tha Vice President or the Chief Justice. 

The past year brought the death of a valued member of the Board 
of Regents. Former Justice of the Supreme Court Owen Josephus 
RobcKs died on May 17, 1&55. Justice Roberts had lieen a Regent 
onl^' since July 23, 1033, find on account of illness lincl been able to 
attend only one mcethiig of the Bmird. The death of this eminent 
jurist and public servant wag a severe loss to the Institution. 

The Board is lionoicd to welcome as a new memlier the Honorable 
Overton Brooks of Louisiana to sticcced the Honorable Leroy ilohn- 
Eon. It is my pleasure also to record the reappointment to the Board 
of the Honorable Clarence Cannon, the Honorable John M. I'orys, 
the Honorable Clinton P. Anderson, the Honorable Ijcverett Sal ton- 
stall, and Dr. Jerome C. Ilunsaker. 

The annual informal dinner meeting of the Board was held in the 
nanin hall of the Smitlisonian Building on the evening of January 13, 
1065, amid various exhibits showing phases of the work being carried 
on at present. Brief illustrated talks on their special fields of rescarcli 
and HCtivitiisi were made by three staff members; Frederick M. Bayer, 
Dr. George S. Switzer, and Archibald Wenley. 

The regular annual meeting of the Board wag held on January U, 
1956. At this meeting the Secretary presented his published annual 
njport on tlie activities of the Institution ond its bureaus^ and Robert 
V, Fleming, chairman of tlie executive and permanent committcca of 
tlie Board, presented the financial report for the fiscal year ended June 
80,1065. 
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The roll of Eegants nt the close of tlie fiscal year was as follows! 
Chief Justice of the United Stotca Enrl Warren, Chancellor; Vico 
President Bicbard Nixon; members from the Senate! Clinton 
Anderson, Leverett SaltonsUll, IL Alexander Smith; meuibera from 
the House of RepresentatiTCS! Clarence Cannon, John Mi Votys, 
Overton Brooks;citizen members! Vannovar Btish, Arthur H, Comp¬ 
ton, Eobort V* Fleming, and Jerome C. Hunsaker. 

FINANCES 

A statement on finances, dealing particularly with Smithsonian pri¬ 
vate funds, will bo found in the import of the oiccutive committee of 
the Board of Regents, page 167* 

A7PilOPmiAT|Q?lS 

Funds appropriated to the Institution for the fiscal year ended June 


30,1055, total $3^048,146* obligated as follows: 

Manji^ment_—- -—- -S30 

Ifnlted Slates Natldnal Mu^am ---—-- 

liutHin of AraerlcnQ —-- - -- ^ --— _ SSvT^O 

AstTvphyalcal Obs^atory-- - - --- — 110,080 

National CoUeedoD of Fine ArtJ^-_.---- —w— -- 

Nailoaa I A1 r Miiseuoi--^_— - - -- - — . - —— -— _ _ 86v IIG 

Internutloiuil Excbange Service _ ____ __ Tfl^STG 

Canal Kfliie Bloloei™! Area__ _* . - ^ __ _ S, 

KtaLateDAnr^ and operatloa of - - -- — 1,121,607 

Othor ecnernl BerTl«iF__.__™ __ __ 320, S46 


Total-------- 3,046.146 

Besides these direct appropriations, the Institution received funds 
by transfer f rom other Government agencies as follows: 

Froin tbe Dlatrlet of Coly mMa for tba KaUoual Skwloglcnl ^648, ODO 

Fmin th& National Park Servloo, DepArtment of thp Interior^ for the 
River Basin Surveys^,^-------—— 52, TOO 


VISITORS 

Visitors to the Smithsoniftn group of biiildingB during the year 
readied ft record total of 3,895,017, nefiTly h quarter of a million more 
than the previous year, April 1965 was the month of largest attend' 
anee, trith 585,910; May 1055 was second, ivith 551,820; August 1054 
lliird, with 490,035- Largest attendance for a single day was 55,098 
for May 7,1055. Table 1 gives a stimmary of the atteudanco records 
for the five buildings. Tl^ese figures, when added to the 3,476.58=1 
estimated Tisitors at the National Zoological Park and 814,932 recorded 
nt ilie National Gallery of Art, make a total monber of visitors at 
the Smithsonian Institution of 8,186,633. 
sToasD^ea — i 















8 


ANNUAL REPORT SMITH^NIAN INSTlTUTIONp IBSfi 


Many Tisitmg scientists and scholars fiom Federal departmentB, 
tmivotsities, and research organizations all over the world lisve como 
to the Smithsonian Institution dnring the past year. We were espe¬ 
cially boTiored by a visit on November 5,1054^ from Mrs. Dwight D. 
Eisenhower and Her Majesty, Queen Elizabeth, the Queen itother. 


Tasijs 1 ,^— ia certain ^tnithi&nhn during the if€ar ended 

June .TO, /55S 


Yur and BKinCi 

.=imJth*nn- 
iMi R-nHif. 

Ins 

1 AitiULil 
Ibdtuirifii 
HulMinc 

HbttiFT 

BtiJhUiiS 

Almatt 

BuUtliiii 

Ftw 

Bu^Eaf 

*FDln 

lASJ 







Jaly„,___1 

74,m 

asax^ 

88,7» 

HXB 


W.893 

Amnfrt __,, ... 

te,m 



fli.^l 

IfllflST 

ese,w 

StptCQlbrF^,^,. _, 

4e.m 



£4721 

T,1S4 

3S(l;,0^ 

........ 

3r,M 


m. iV? 


B. 1»l 


Norminbcr .. . 

vi.m 

U,UA 



<m 

301,934 

UWJMpber__ 

i9,m 

15,188 


14 SU 

21H3 

114 »2 

tm 1 







Jumvr__ _ _ _ 



14. 

iais2 

iSK 1 

138Li|S 

.1 


UL344 

il.iM 

i^m 

439ft 

laoicsa 

March . .. i 

zs.m 

UH, 10? 


ST.m 

4L734 

337^730 

Aptn....- 

wfKm 

m.w ^ 

J»V4£5 

92, D« 


S84Bie 

__ 

14H.4ni 

mrsH 

152,395 

ds^m 

14 

Ml. SB 

June..._... 

7%m 

sniAm 

lOUkSSfi 

SA.m 

IQL^fM 

454, 4n 

TbIaJ .... 


1.713; IIT ■ 


494 

sam 



A special record was kept during the year of groups of school 
children visifitig the Institution. These figures arc given In table 2: 


Tabuc 2.—flfowiw 0 / nchool children vUitinff the StniihtQntati ineUtuilen, 
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LECTURES 

In 1981 tho Institution rtcoiTod a bequest from James Art but, of 
Sfew York City, a part of the income from which waa to be used for 
an annual lecture on some aspect of the study of the suiu The twenty- 
second Arthur lecture was delivered in the auditorium of the Natural 
History Building on tlie evening of April Q7, 1955^ by Sir Harold 
Spencer Jones, Astronomer Royal of Great Britain* This lecture, 
on the subject “Solar Activity and Its Terrestrial Effects ” will be 
published in full in the general appeudijc of the Annual Report of 
the Board of Regents of the SmitJi^oniari Institution for 1955. 

Dr. Konrad Z. LorotUE, director of the Research Institute for Com¬ 
parative Ethology, Max-Planck Inatitule, Bulden^ Westfalen, Ger¬ 
many, delivered a lecture in the auditorium of the Freer Gallery of 
Art on the evening of November IT^ 1954, on volution of Beliavior 
Fattems in Animals.” This was one of a series of lectures that this 
distinguished foreign scientist delivered in America that season. 

Dr* Sumner McNight Crosby, professor of tbs history of art at 
Yale University and curator of medieval art nt the Yale Art Gallery, 
lectured on “Excavations in the Abbey Church at St.-JJeuis” in the 
Freer Gallery auditorinm on the evoning of February 1955, under 
the joint sponsor^ip of tho Smithsonian Institution and the Aithae- 
ologieal Institute of America. Dr. Crosby‘S lecture was accompanied 
by a colorful film showing the church as it is todny^ the technique 
of excavation, the reconstruction of the earlier building, and ^e 
Important results. 

AWARD OF LANGLEY MEDAL 

The Liangloy gold medal, established in 19(^ in memory of tlie 
late Secretary Samuel Pierpont I^agley “for specially meritorious 
investigations in eonnoetion with tlm science of aerodromica and its 
application to aviationi’' waa awarded by the Institution on April 
14,1955, to Dr* Jerome Qlarkc Hunaaker, chairman of the National 
Advisory Committee for Aeronautics and professor emeritus of aero¬ 
nautical engineering at the Afassachueetta Institute of Technology* 
Although Dr. Hunsakor le a member of the Smithsonian Board of 
Regents, he did not know of tho award until tho presentation was 
made, at a private reception and dinner hold in the great hall of the 
Smithsonian Bnilding, by the Honorable Earl Wariienj Chief Justice 
of the United States, acting in his capacity us Chancellor of the Smith¬ 
sonian Institution* Tlie occasion also marked tlie fortieth anniver- 
saty of the founding of the National Advisory Commilfoe for 
Aeronautics. The citation accompanyuig the presentation reada as 
follows: 

la reeofnltlDii of jonr miJaae and lUiperlatlrdv Important ccrntrlbutlojia to 
aeroaaiitlcfl bs b dlstloxtihUied dealgacr of 4iLrirra£L 04 Dio creator of a peat 


10 A-VNUAL REPORT J5M1THSOXIAK’ INSTITVTIOX, 1055 

f.-eia(i>r lur iDstmclion In atrouaatical eoEtiiecrlng, nud ns tbe BtlentiOc eenii's 
under wliose leadersliip the present-day Xatlonal Advisory Committee for Aero- 
uautlcB hna become the ii'orld*a {greatest sclcntiflc aeroijoullcsl rradanrt orgaol- 
zatios. 

The Langley medal has previously been presented seven times; to 
Wilbur and Orville Wright in IDIO, to Glenn H* Curtiss in 1913, to 
Gustave Eiffel in 1913, to Col. Charles A. Lindbergh in 1927, to Hear 
Adm- Hichard E, Uyrd in 1929, to Charles E. Manly (posthumously) 
in lOSO, and to Dr. Joseph S. Ames in 193^. 

PR, abbot lIONOfiED 

Dr. diaries Greeley Abbot, retired Secretary of the Smithsonian 
Institution and one of the nation’s most eminent astrophysicists, was 
honored by a reception in the great ball of the Smithsonian Building 
on the afternoon of May 31, 1955—his eighty-third birthday. This 
also marked the siiticth anniversary of Dr. Abbot’s association with 
tho Institution. In connection with the occasion, a bronze bust of 
Dr. Abbot by Alicia Ncatbcry, Washington sculptress, was unveiled- 
It is now ou permanent view in tlie Smithsouiun Building, 

funds for the JKSTiTUTION 

At its January 1955 meeting, the Board of Regents gave careful 
consideration to the problem of what can be done to call public at- 
tion to the Smithsonian Institution as the beneficiary for large or 
small gifts of money to advance the “increase and diffusion of knowl¬ 
edge” in the areas covered by the Smithsonian. Since tliat time cer¬ 
tain general statements conceriting tho needs of the Inst itution have 
been prepared, and thiough the kindness of various members of tho 
Board of Regents, the Secretary bus had an opportunity to present 
the need for generous nddidonul endoAmients to a number of indi- 
viduals and groups who may be in ft to help tlie Snaitlisaman 

Institution in this important materia] way* Only a beginning has 
been made on this pi ogranu It is urged that in the present year and 
in future years ever^'one interested in the Smithsonian will do ovety- 
tlnng possible to assist in providing substantiid increases in the In- 
Etitution's endowments for generiil or specific purpo^g, Oue of the 
suggested possibilities is that a single donor or group of donors may 
wish to pixsgant to the people of the United States tlLruugh the Suiith- 
sonian Institution a memorial muscuin building for the National Col¬ 
lection of Fine Arts and other related materials. 

As sliow^ in last yeaFs report, the Institution continues to receive 
subventions from Federal agencies and iiongovem mental organlza- 
tionsH Work assisted by such grants includes studies and publications 
in anthroijologvj zoology, botany, geologj', psychology, and tho gen- 
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emi scientific programs of the Institution nt Burro Colotndo Island. 
Alist of such grunts made during the year is giron in the Financial Re¬ 
port of the Ejcecutive Committee, at the end of this report. 

BIO^SOENGES INfORMATJON EXCHANCE 

By a cooperatire arrangement with all hranclies of the armed forces 
and with otlier Federal agencies, the Smitlisonian Institution eon- 
tinned to Rflminister the Bio-Sciencca Information Exchange under 
the directorship of Dr. Stella D. Deignnn. 

The Exchange ia charged with the responsibility of ‘'preventing 
the unknowing duplication of research support hy the several 
Government agencies concerned.’' In carrying out this responsibility, 
it lias developed techniques that maintain a rapid interchange of con¬ 
cise information on the support of research in tlie bio-Eciences and on 
its content in both broad and specific subject areas. Hie Exchange 
reijorts tliat it has been able to supply adequate information in re¬ 
sponse to every request it has resjeived from its sponsors. The body 
of information, at first con lined almost entirely to medical research, 
now contains sizable components in basic biology, psychology, and 
mental health. An increasingly close liaison with nongovernmental 
granting agendas has been developed. During IDSfi the active proj¬ 
ects registered exceeded 9,000, bringing the present total to more than 
19,000 projects. 

ORGANIZATION AND STAFF 

A number of important personnel changes affecting Smithsonian 
staff members occurred during the year. Tjoyal B, Aldricli retired 
on June 30, 1055, after 46 years with the Astrophysietd Observatory 
of tbs Smithsonian Institution, since 19-15 ns its director. In his place 
Dr. Fred L. Wbipple was appointed, effective July 1. At the time 
of his appointment Dr. Whipple was chairman of tlie department 
of astronomy at Harvard University. At the same time, headquarters 
of the Astrophysical Observatory were clmnged to Cambridge, Muss., 
whore its astronomers will work in dose proximity to Harvard’s pro¬ 
gram of solar research. Some administrative and mechanical work 
will continue in the laboratories and shops of the Astrophysical Oh- 
servatoty in Washington, and the two field obserratoties in Cliile and 
Table Mountain, Calif., will bo maintained. 

On September 13,1054, by transfer from the U. S. Department of 
Agriculture, Dr. J. F. Gates Clorta assumed the position formerly 
held by Dr. Edward A Chapin os curator of insects in the United 
States National Museum. 

John D. Howard, Smithsonian Treasurer, retired effective Deeem- 
her 31, 1954, and Thomas F. Cinrh, chief of the fiscal division, was 
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nfimod to succeed him. Mr. Clnrk will also continue as chief of that 
diTisnon. 

From time to time the Smithsotiian endeavors to recogniaa tha aid 
and encouragement received from the Institution’s outstanding col- 
Ishorators and benefactors by conferring upon such persons honorary 
status. A new class of such appointments—Fellows of the Smith¬ 
sonian Institution—was established during the year, and the first Fel¬ 
low to be named was Mrs. Arthur M. Greenwood, of Marlboro, Mass., 
in recognition of her generous and important contributions to the Na¬ 
tional MuBcnm’B collections of Americnn colonial material and an 
entire seventeanth-centTiry house. 

Other honorary appointments made during the year were as fol¬ 
lows: Drs. Eobert J. Squier and Robert F. Heizcr, both of the Uni- 
verBity of California, as collaborators in connection with the Smith¬ 
sonian Institution-National Geographic Society's archeological ex¬ 
pedition to southern Mexico,* Dr. Helen Tappan Loeblich, of Wash¬ 
ington, U. C-t as honorary reaesreh associata, with partlculaT reference 
to her achiflvementa in the field of Cretaceous Foraminifera and her 
active participation in the work of the National ifuseum’s depart¬ 
ment of geology; Hr. Betty J. Meggers, of Washington, D. C,, as 
honorary research associato in recognition of her close and continuing 
participation in the scientific work, exhibits, and other activities of 
the National ^luseum’s diviaon of archeology; Hr, William J. Tobin, 
of Washington, D. C., as honorary research associate for his valued 
scientific contributions and his active participation in tho work of 
the National Museum's division of physical anthropology; and Sister 
luea M. Hilgcr, of St. Cloud, Minn., in recognition of her many years 
of collaboration with tlie Bureau of American Ethnology and her 
valued contributions to tho study of the American Indian. 

SUMMARY OF THE YEAR'S ACTIVITIES OF THF, INSTITUTION 

Nathjial Museuwi ^—^The year saw a large increase in numbers of 
ppecimens added to the Mu.scum collocticms, due to receipt of several 
million fossil foramtniferana from Europe. In all, approximately 
7,600,000 specimenfi were received, bringing the total catalog entries 
in tho National Museum to 42,664,045. Some of the year's outstand¬ 
ing accessions included: In anthropology, a wood,cloth, and basketry 
figure of a human being recovered from a Peruvian grave (A. D. 
1100), etlinological objects from Iraq, Afghanistan, and Ethiopia, and 
an entire £-story, Aiiooiti colonial hou!» from Massacliusetts; in 
zoology, collections of mammals from Korea, Pakistan, and Panama, 
birds from Panama, large collections of fishes from tho Gilbert Islands, 
Uberia, and the southeastern United States, tho W. M. Mann collec¬ 
tion of ants, 3,BOO polychaete worms, mostly from New England, and 
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400 corals from tbe Great Barrier Beef; m botany, plant voUectJotia 
from Mo^sioo, Centra) and South America, and Iraq; in geology, sev- 
eral gifts of rare minerals and gems, 35 specimens of inotootites, 2,000 
Silurian and Devonian fossils from Canada, about 3,500,000 mounted 
foraminiferon specimens, 600 rare ralcocoiie and Eocene mammals 
from TVyoming, and about 750 otolltlis of Eocene tclcostean dshes 
from England; in engineering and industries, tin early Curtis steam 
turbine, die l>odrill-GMR mccitanical heart, and important electro- 
cardiograpli equipment; und in history, much desirable materiel 
needed to complete tlie settings for the First Ladies Hal), including 
the loan of a piano used in the White House during tlic administration 
of Jolui Quincy Adams. 

Members of the staff conducted fieldwork in Ecuador, Mexico, the 
Belgian Congo, Panania, the Caribbean, and many parts of the United 
States. Soveml studied collecriotis in otlier museums in America 
and in Eujo[je. 

In tlie Museum^s program of esliibit modernisation, two new lialls 
were formally opened to the public during the year—the First Ladies 
Hall and tbe American Indian Hail. Construction work was begun 
on the hall depicting colonial life in Kortli Americii, and the renova¬ 
tion of the hall devoted to birds saw good progress. 

Bureau of Atneric&n Etknology,^X\^<i Bureau staff continued tlieir 
researches in archeology and ethnology; Dr. Stirling his Panamanian 
stodies, Dr, Collins his archeological work in tlie Canadian Arctic, 
and Dr, Druckor his field researches of the Ln Venta culture in Mexico. 
Dr. Koborts continued as Director of the Kiver Basin Surveys. 

Asirophysioat Oheervsiery ^—Solar radiation studies were con¬ 
tinued at the Observatory’s two fieJd observing stations—Montexuina 
in northern Ciiilo und Table Mountain in southern California. Vol¬ 
ume T of the Annals of the Astrophysical Observatory was published 
in July 1D64. Cooi>crativD work with tlic U. S. Weather Bureau was 
continued. In the division of radiation and organisms studies were 
made on the photocontro) of the processes of plant growth and on the 
mechanism of action of tile plant hormone auxin in the control of 
growth. 

Nati&nai CoUeetiim of Fine Arfj.—The Smithsonian Art Conunis- 
siwi met on December 7,1554, and accepted two oil paintings for the 
National CoUectioii of Fine AjIs, one oil painting of President Eisen¬ 
hower for tho National Portrait Gallety, and one pastel for tlio 
Smithsonian Institution. The Gallery sponsored 14 special exhibi- 
Hons during the year. The Smithsonian Traveling Exhibition Serv¬ 
ice circulated 68 exhibitions, 57 in the United States and 11 abroad. 

Freer Gaihry af Art —Purchases for tlio Freer Galleiy collections 
included Chinese bronxes, lacquerwork. paintings, and pottery; Per- 
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sian ]ado, metalwork, lUid pamtings; Japanese iacquerwork, paintings, 
and pottciyi Indian paintings; Iraqi iUustruted manuscript; and 
Turkisb potterj. Tlie iJxst number of Ara OHeutalis was publislied 
during the year. The Guilely sponsored again u series of Illustrated 
lectures by distinguished schuLirs on rnrious phases of Oriental art. 

Air Muievm .—^By the end of the year the task of moving 
the Museum’s stored nuitcrials from Park Itidge, UL, to Suidand, M(L, 
was virtually compicted. The Museum participated in celebrating 
tlie fortieth aoniversary of Hie founding of Hie National Advisory 
Committee for Aeronautics, a feutui^ of which was the awarding of 
the Langley medal to Dr. Jerome C. Hunsakcr. Added to the aei'o- 
nautical collections during the year were 117 specimens in 31 separate 
accessions, including the midget niclng airplane ButUr (formerly 
named Chief OehJtoeh)^ built in I’Jdl and flown in more than 60 races. 
Keorly 22,000 photographs pertaining to aeronautics were added to 
the Aluscum’s library of reference materials during the year. 

National Zoological Park ^—^Tbe Zew accessioned 2,B47 individual 
animals during the year, and 1,017 ^vere removed by deatli, exchange, 
or return to depositors. The net count of animals at the close of the 
year was 3,410, Noteworthy among the accessions wete a pair of 
baby gorillas, several young chhnpunicees, and two Gocldi’a marmo¬ 
sets; emperor, Adelie, and Ilumbolclt’a pcjigulus; two examples of 
the rare ALotia Island iguana and a horn-nosed Iguana; and a domestic 
donkey. In all, QSO creatures were bom or hatched at the Zoo during 
the year—77 mammals, 141 birds, iind 02 reptiles. A'isitors totaled 
approximately 3,476,000. 

Canal Zone Bielogieat Area .—^Mora than 600 viators came to Bano 
Colorado Island during the year; 43 of these were Bcientists who used 
the facilities of the station to further tlieir various researches, par¬ 
ticularly in biology and photegruphy. 

Intematiomil Eitohange Service .—As the United States official 
agency for the exchange of governmental, scieiitiflc, and literary pub¬ 
lications between this country and other nations, the Ijdcmational 
Exdiangu Service handled during the year 1,146,072 packages of 
such publications, wdghitig 812,060 pounds—slightly more tlian W 
year. Consignments were made to all countries except China, North 
Korea, Outer Mongolia, the Coiiimunist-controhed areas of Viet Nam 
and Laos, and the Haiphong Enclave. 

National Gallenj of Art,—The Gallery received 842 accessions dur¬ 
ing the year, by gift, loan, or deimsit. Gifts included pamtings by 
Stuart, Raeburn, Renoir, Honmey, R, Peale, Pater, Blake, Carriem, 
and Goya; sculptures by Renoir, Ward, and Daumier; and oboat 400 
prints. Six special exhibits ware held, and 13 traveling exhibitions of 
prints from tlie Rosenwald Collection were circulated to other gnl- 
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ferieg and mn 5 enmg. E.^hibitioss from tha ^‘Indei of American 
Design” were given GO bookings in £0 States and the District of 
Columbia^ About 41^000 persona attended the Gallery^a “Picture of 
the Week” talks, and 10,000 persons attended the 44 Sunday lao 
ttirea in the auditorium. T!ie Sunday evening concerts in the west end 
east garden courts irere continued, 

Lihrmy .—A total of 71,170 publications ■weie received by tlie 
Smithsonian library during the year* Approximately G50 now ei- 
changes were arranged. Moi^ than 150 individual donors sent gifts 
of dcsimble books and periodicnls. At the close of the year the hold¬ 
ings of the Smithsonian library and all its branches aggregated 
051,400 volumes, including 5S5,502 in the Smithsonian Deposit in 
the Library of Congress but excluding incomplete volumes of serials 
and many thousands of reprints and separates from serials. 

Publicatiofis .—Seventy publications were issued under the Smith" 
souian imprint during the year {see Report un rublicationg, p. 160, 
for full list). Outstondiug among these were “The Material Cul¬ 
ture nf Puublo Bonito,” by Neil M. Judd j “Tlie Black Flies {Diptem, 
Slmuliidae) of Guatemala and Tlieir Role os Vectoi's of Onchocer- 
ciasisy” by Ilerbert T* Dalmat j “Check List of North American E^»ut 
Mammals,” by Gerrit S. Miller, Jr., and Remington Kellogg; “Frogs 
of Southeastern Brazil,” by Dori& M. Cochran^ “The Horse iu Black- 
foot Iiidian Culture,” by John C. Ewers; “A Ceramic Study of Yir- 
giuia Archeology,” by Clifford Evans; Voliima 7 of t!ic Annals of the 
A^rophyaical Observatory; “Masters of the Air,” by Glenn 
Blough; and Volume 1 of the new series Ars Oriental is. In all, 
428,286 pieces of printed matter were diEtributed during the year— 
102,108 copies of publJcationB and £26,173 miscellaneous items^ 


Report ou the United States National 
Museum 

Snt: 1 thfli honor to submit the following report on the con¬ 
dition and operations of the United States National Museum for the 
fiscal year ended June 30,1955; 


COLLECTIONS 

During the year 7,596,010 apecimens wore added to the national col¬ 
lections and distributed among the six departments as follows; An- 
34,450 f zoology, 363,500; botany, 58,526; geology, 7,- 
056,121; engineering end industries, 5,600; end history, 78,440, This 
increase is markedly greater than last year and results from the col¬ 
lection in Uurope during tii© year of several million minate fossils 
known as Foraminifera, The other accessions for the most part were 
received as gifts from Individuals or as transfers from Government 
departments and agencies. The Annual Itoport of the Museum, pub¬ 
lished as a. separate document, contains a detailed list of the year’s 
araiBssions, of which the more important are summarized below. Cat¬ 
alog entries in all departments now total 42,864,645, 
Anthmpoh^y.-^A unique gift to the division of archeology was 
a figure of a human being made from w ood, dotli, and basketty, re¬ 
covered from a grave along the central coast of Pern and dating from 
about A, D. 1100, Tliis unusual object was preseTited by Mrs, Vir- 
^nia Morris Poliak as a gift from the Arther Morris Collection. A 
^ries of large archeological collections taken from eicavation projects 
in various parts of the Missouri Basin has been transferred to the 
Museum by the Biver Basin Surveys. A willow-spUnt figure of a 
quadruped, probably prEhistoric, from a cave in Grand Canyon, was 
presented by Dr, J. D. Jennings, University of Utah. 

m division of ethnology received from Ralph ^lecki numerous 
ctlmoloffcal objects which he collected from his native employees 
and their relatives among the Shirwani Kurds of Kurdistan while he 
was condnetmg archeological work in Iraq. Also accessioned wero 
28 it^s of Afghan material culture, consisting of pottery, bitsketry 
wtevmg. and qnilt,^ dothing, a Khyber knife, and Mohammedan cult 
objects, collated in I9i)4 by the donor, Miss May IVilder, from 
villagers and counter folk in Afghanistan, Another gift was a well- 
documented collection of 34 miscellaneous ethnographical specimens 
le 
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from ilia Anuoki Ji Sudniii&se tribe UTing in the environs of tlia ^\Jtobo 
Riveri coDected by the donor^ Miss Joan Tiiek^ prior to 19r>3 at 
Pokwo, Ethiopia, while she was stationed there as a missionary. Most 
extraordinary tvaa tho gift by Dr^ and Mrs^ Arthur M. Greenvrooci 
of Marlboro, Mass.j of an entire 2-story^ i-room housa built in Everett, 
MttSS.j in 1670. The liandJiewn timbers of this early American home 
were dismanteled and reassembled for future exhibition. W. Dan 
Quattlebaiim, Pasadena, Calif., presented two outstanding examples 
of eighteenth-century glass, consisting of nn engraved glass bowl 
blown in 1780 at John Fredeiick Amelung’s 2iew Bremen Glassworks 
in Frederick County, Md*, and a dec-anter of about 1T95 bearing an 
engraved American eagle* 

Thfl division of physical anthropology had an opportunity through 
collaborative studies to restore a badly cruslied human skuB that had 
been recovered by Dr. Fred Wendorf near Midland, Tex* This skull 
was found associated with Folsom-typo projectile pomts. Dr. T. 
Dale Stewart, curator of physical anthropology, who restored the 
skull, arranged with Dr. F. J. McClure, of the National Institute of 
Dental Research, to test the skull and associated Pleistocene animal 
hones for the amount of fluorine. On the basis of these tests and the 
excavation record, its age is considend^ to bn about 12,000 yearSL 

Zoology ,—The armed forces research teams operating in various 
parts of the world continued to make major contributions to the nuun- 
mal collections. Specimens of Korean manunals, including the Mu¬ 
seum’s first collection from Q.uGlpart Island, were traiisfen'ed through 
the Hemorrhagic Fever Conimi^ion from the Army Medical Service 
Graduate School. A transfer from Naval ]iledica1 Research Unit 
No, 3 at Cairo included about 350 spccinietis from Egypt end the 
Sudan* The U* S* Army, through the 25th Preventive Medicine Sur¬ 
vey Detachment, transferred a collection of specimens obtained by 
Capt. Gordon Field and C* M. Keenan in Panama and the Canal Zone* 
Dr. Robert Iv, Enders contributed three separate collections of small 
m iuritn alfl. from Fakiatan, the Island of Saipan in the Marianas, and 
Wyoming. An especially fine collection of dog and wolf skulls was 
included among specimens excavated from an aboriginal site on 
Southampton Island by Dr. Henry B. Collins, Bureau of American 
Ethnology, on the National Geographic Society-Smithsonian Institu¬ 
tion-National Museum of Canada Expedition. 

Most noteworthy lunong the accessions recorded by the division of 
birds waa a gift of 1,255 bird skins from the “Benson Gruljstakers^’ 
(a group of young men living in Panama who are interested in nat¬ 
ural history) and the Panama Canal Natural History Society* A 
gift from Maj* Gen* G. R- Meyer of 119 seta of eggs with full data, 
largely from the Canal Zone, added important information to that 
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already available oq the breed mg dates of l.^auamaitian birds^ A de¬ 
posit made by tbe Smitbsoiiian Institution comprised 950 aklnaf 54 
skeletons, 2 alcoholic specimens, and 1 set of eggs collected by Dr* A. 
Wfltmore. 'fliB National Goographic Society prescwteil a geographic¬ 
ally impoKant collection of 131 birds obtained in French Equatorial 
Africa by Walter A. Weber, 

A considerable number of valuable herpetological speciniens were 
accessioned as gif Ls: A type and 18 paratypcs of a new species of frog 
taken in Jamaica by Dr, W, Gardner Lynn; 119 reptiles and amphib¬ 
ians from Virginia, inclnding a type mid paratypes of a new species of 
salamander^ from Richard L Hollman; 8 reptiles from Puttur, Chit- 
toor District, South India, including a genus and tlirce species not for¬ 
merly eoiitained in the Museum collection, presented by Eev. Erwin 
CheU* A transfer from the Naval Medical Research Unit No, J at 
Cairo, yielded 390 Egyptian reptiles and amphibians* 

The largest coliection of fishes received during the year consisted 
of 2,341 spectmens from fresli-water streams in tlie southeastern United 
States collected for the Museum by Dr. Ernest A Lacliner and Frank 
J, SchwartK- Another large gift was compoaed of 1,813 reef Bshes 
coIlEsctod in the Gilbert Islands by the donor, John EandalL Adtli- 
tional gifts mdnded tlia holotyps of a new scorpaenid tiah from the 
eastern Pacific from Jolm E. Fitch; and tlio holotjiie of a new M&n&- 
centrU from Mas-a-Tierra Island from Dr. Edwyn P* Reed, Valpa¬ 
raiso, Oule. The U. S. Fish and Wildlife Service transfemd to the 
M^iseum the most important Atlantic collection received in several 
years consisting of 983 fishes obtained by George C* Miller in Liberia. 
Through csdi tinges wutli other institiilions the ^tui^um received ft 
paratypes of cyprinids from Afoxico through Dr* Alvarez, Escuela 

Nacjonal de Cicncias Biol6gica3; the paratype of a frogflsli from the 
Odcago Natural History Ikfuscum tlirough Loren P* Woods; and 3 
paratypes of a MeiicoJ^ catfish from the liistituto Mexicano de Re- 
cursos Naturales Eenovables, through Dr, Jorge Caranza. 

One of the most valuable acquisitions of insects received was the 
W. M* Mann collection consisting of 13G,2S3 specimens of which over 
115,000 are ante. Approximately TOO types and hundreds of species of 
ants from many areas in the world not. pi-eviously repi^^nted in 
W^ashington were included in this group. Among the important trans¬ 
fers from the U* S* Department of Agriculture was the S. W, Bromley 
oollection of wall over 35,000 insect specimens. This accession, ridi 
ill material representative of the dipterous family Asllidae, places 
tliQ Museum high no the list of institutions possetng extensive col¬ 
lections of these flics. Another transfer inchidcd M,358 entomologi¬ 
cal specimens from the Department’s Ijaboratory of Forest Insecte, 
New Havenj Conn, Over 9,000 medically im|K>rtant black flies were 
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received tis n transfer from the U* S. Dcpartmont of Health, T?diica- 
tion, and Welfare. 

Two notable gifts greatly enhanced the collection of polychaete 
worms niaintained by the dWigioii of marine invertebrates; 3,645 
specimens, mostly from New England, including 3 holotypes and 3 
paratviies, from Dr. Marisui Pettibone, University of New Hampshire, 
and mote than 200 identified specimens from the Gold Coast, A^ca, 
received from the Rijksmusemn van Katuurlijke lUstoria, Leiden, 
through Dr. B- Holthuis. Twelve lots of octocorala were received 
from His Imperial Majesty’s collections, laboratory of the Imperial 
Household, Tokyo, Japam Other noteworthy gifts to the collections 
ivera 7 mnarkable fossil sca-'pens presented by H, G. Kugler, PoititO' 
i-rierra, Trinidad, and 3 large balanoglossid worms from Grand Tsle, 
La., given by Dr. iTariy J. Bennett', Lonislana State University. 
Throe ejcchanges from Dr, jVJejandro Villalobos F., Universidad 
Nacional A. de Mexico, netted 51 isopod and decapod erustaceaas, of 
which 34 were pamtyiw specimens. Among the tmnsfers was one 
from the Fish and Wildlife Service, D. S. Department of the Interior, 
which included more than 1,016 crustaceans and other invertebrates 
collected in the Gulf of Mexico by the exploratory fishing vessel 
Oregon under the direction of Stewart Springer. 

The division of niolluaks received types of seven now species of 
nudibrench mollusks described and presented by J, M. Ostergnard. 
Thirty-four specimens of gastropoda from the Gulf of Mexico, includ¬ 
ing the type® of three new specie®, were donated by Daniel Steger. 
As in tho past, Jeanne S. Schwengel gave many fine specimens to tlie 
Museum, including a specimen of the rare cowrie, Cypraea armeniaeSf 
from South Australia. Of tj»e year’s five accessions of helminths two 
are worthy of special mention ^ause they brought tyxxss of two new 
species:, Onghocotyle eomniosi^ a trematode, described by the donor, 
Dr. David Causey, and Oigantobilharsui htid^mi presented by the 
author, Dr, W, Hemy Ijeigh. 

The most important accession of corals comprises 400 specimens 
from the Great Barrier Beef off Queensland, Australia, collected and 
donated by Dr. John W, Wells, Cornell University. 

Botany .—Two significant collections were obtained for the Museum 
by staff members: 2,850 specimens, largely grasses, in the states of 
San Luis Potoai and Chiapas, Mexico, collected by Dr. Ernest K. 
Sohns, and 3,446 speeimens from Big Pine Key, Fla., and Isle of 
Pines, Cuba, obtained by E. P. Killip, research nssociatfe 

Among the numerous collections received as gifts, with name® re- 
(guested, one i® specialty noteworthy, 6SS plants from tlie Herbirio 
“Barbosa Rod rigues,’* It-ajaf, Sants Cat arin a, Bra»tl. The Ohio State 
Univerflity prescntefl 4,0S4 plant® of Guatemala oollccted by W. A. 
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Kellennati many years ago, includiug tmmcrouE hiatoricaUy impor¬ 
tant specimens. E. C. I^eonard of the departnicnt stail donated liis 
private Lerbarium consisting of upprosimatoly 9,S00 specimens ac¬ 
cumulated over a period of many years. 

Transfers from other Govenunent agencies yielded several fine col¬ 
lections: From the Agricultural Kesearcli Service, U. S. Department 
of Agriculture, OSS specimens collected by Diehard Evans Schultes in 
Colombia; 5,066 specimens collected in India, Afghanistan, and Iran 
by Walter Koelz; and a historic set of 575 central European crypto¬ 
gams, the Kiyptogamae German] ae Exsiccatae. From the U. S. 
Geological Survey, 1,360 plants of Alaska with a request for identiS- 
cations; and 1,105 plants of Micronesia collected by F. E. Fosbetg, 
The National Eesearch Council, through tlie Pacific Science Board, 
transferred 532 plants of the Caroline Islands collected by S- F. 
Glosaman. 

Important exchanges included 2,009 plants of Mexico, Central 
America, and South America, from the Academy of Natural Sciences 
of Fluladeipbia collected by the late F. W. Fennell. 

Geology ,—Outstanding gifts to the mineral collections are examples 
of the rare minerals hurlburtite and blsmutotantnlite from Pi-of. E. 
Tavora; rare iron and manganese phosphates from Finland from 
Dr. Maty Mrosc; a superb specimen of ctyatalliacd wolframite from 
Korea from C. S. Whetzel; the rare uranium mineral kasotite, Hahns 
Peak, Colo., from C. fi. Eeddington; and a combination of the rare 
minerals schallerite and hedyphane^ Franklin, K. J., from J. S- 
Albaneee. 

Included in the exhibition material added to the Eoeblitig collection 
were a group of large flawless asinite crystals of smoky lavender 
color on actinolite from Madera County, Calif, a largo benitoite 
crystal in neptunite from San Benito County, Calif., and a bastnaesite 
crystal from Madagascar weighing 11 pounds. A moss of native 
lead weigliing 80 pounds is one of the largest masses of this rare 
mineral found at Langlnui, Sweden. A sharp dodecahedral crystal 
of grossularite of an unusual pink color is one of the largest crystals 
of this miBeml known. 

jSmong the outstanding exhibition specimena added to the Canfield 
collection were a rich nodule of precious turquoise from the mines at 
Villa Grove, Colo,, a rare group of tourmaline crystals of hronze-grecn 
mlor from Brazil, and a fine exhibition group of npopbyllitc on prehn- 
ite a newly discovered occurrence near Ccntieville, Va. 

Gifts to the gem collection included a pink pearl from East Pnk- 
is^ printed by the former Prime Minister of Pakistan, Mohammed 
Ah, and an outetanding collection from W. F. Ingram, of 33 cut 
tourmalines weigliing UR cnnits, selected to show the color range 
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of this gem stone. An unconuDoiii specimen deceived for tbe ore 
ooDectioa was the limb bone of a dinosaur parti aDy replaced by 
unarinite, from the Atchison^ Topeka & Santa Fe Railway Oo. througb 
T, O, Evans. 

During the past year Dr. S. H. Perry donated S5 specimens of 
meteorites. Among them was a stone of tie Sylacauga fall^ weighing 
I 3682 grams. Anotlier individual of this fal] becume cdobratod as 
the first known case of a meteorite striking a person. 

Tlie support of the Walcott fund again permitted staff members 
to obtain ImportAiit acceedoiis in invertebrate paleontology and paleo- 
botany. Specimens numbering 15,000 of Paleozoic invertebrates were 
collected by Dr. G- A. Cooper and Robert Malrki and a very large 
group of Aledozoic and Tertiary Foraniinifera from the clEissic loc^- 
itios of Europe was obtained by A. R. LoebUch, Jr., and Helen 
Tappan Doebbeh. 

Particular mention is mode of the gift of 2 j 000 specimens of SDuriau 
and Devonian fossils from little-known areas in New Brunswick, Nova 
Scx)tia, end Quebec^ received from Dr. Arthur Boncot, and 800 Trias- 
eio invertebrate fossils from the Italian Alps from Dr. Frunco Ea- 
Important foniminiferal donations included 275 type specie 
mans from the Cretaceous rocks of Cuba and Trinidad presented by 
Dr. P. Bronnimann, and 320 slides of type Recent Fotamiuifera and 
305 foraiuiniferal sliden from the North Atlantic from Dr. Fred 
Phleger. Another very valuable gift presented by Drs, A. R. Loeb- 
lich, Jr., and Helen Tappan Loeblich consisted of 1,000 micro-samples 
and 3,500,000 specimens of mounted Foraminifera with many types 
from the Cretaceous of Tmos. 

Througb the income of the Walcott fund a collection of about 600 
specimens of rare Paleoeene and. Eocene mammals was obtained by 
Dr, C. L Gazin and F. L Pearce from southern Wyoming, Of par¬ 
ticular interest were an excellent skull and some skeletal material of 
the large pantodont mammal Coryphodon and two well-preserved 
akuilg of the condylarth mammal AfenUcoihsriujT^ Under the same 
fund Dr. D. IL Duukle collected fossil fish and reptile remains from 
Devonian, Triassic, and Cretaceous rocks of Utali, Idaho, and Wyo¬ 
ming. An outstanding gift was a nearly complete skull of tbe large 
saber-toothed cat Smilodimr fataU^ collected from the Pleistocene de¬ 
posits of Tescss by George Klett and presented to the Museum through 
James E. Conkin. A remarkable collection of about 750 otoliths of 
teleosteau fishes from the Eocene lower Barton bods of Hampshire, 
England, representing 22 genera and 28 species^ was given by Dr. F. C. 
StintoiL 

Snffhisering and Industrie^^—A turbine reputed to be tlie first built 
by Charles Curtis, America's best-known pioneer steam-turbine in- 
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TeQtor, was presented by the Stevens Institute of Teclmology. Origi¬ 
nal radio apparatus was received from the widow of Edwin Arm* 
strong, comprising his regenerative receiver made about 1012, three 
superheterodyne receivers, a supcrrcgenerative cirouit, and what is 
considered the oldest surviving froquency-modulntion receiver* 

The Oodrill-GMR mechanical heart, tho fii'St to be used siiocessfullj 
for the complete bypass of the human heart during surgery, was pre* 
seated by the General Motors Corporation through C* L. AfeCnen of 
the Kcscarch Laboratories Division. The Rockefeller Institute for 
Medical Research gave tlie first Einthoven string galvanometer made 
in the United States for an electrocardiograph. This was made in 
1014 by Charles F. Hindle for Dr. Alfred E. Cohn. The electro¬ 
cardiograph used by Dr. Frank E. Wilson, a pioneer in the field of 
electrocardiography, was presented by die University of Michigan, 
Several hundred drawings, mostly of the details of early Ressemer- 
process steel plants made by the distinguished engineer Alexander 
Lyman Holley, were the gift of tJic Renssehier Polytechnic Institute. 

An elaborately carved roUei' cotton gin from India was received 
from hCrs. Stanley M. Walker. A pink brocaded tafieta christening 
blanket, known to have been used in IffiT, was presented by Faith 
Bradford, and a commemorative linen, “^We Offer Peace, Ready for 
l^ar, was given in the name of Sibyl Avery Perkins, deceased, by 
her daughter, Mfel Robert C, Johnson, Jr, 

An unusual board section of curly yellow buckeye shoM-ing beautiful 
blue stain markings was presented by Ray E. Cottrell of the Wood 
CoUectors Society. Fifty microscope tiioimts of woods of the family 
Celastraceae were received from John A. Boole, Jr., and 20 woods 
and 30 corresponding mounts of the genus Gorryo, through Prof. J. E. 
Adams, from the UnivoTsity of North Carolina. 

A linoleum bl^k print, Coup de Vent,’' by FcHi Vallotton 
(1365-1025}, an important figure in the revival of the wooilcuL was 
£)uiehased through t| i e Dalilgreeti fund. 

Two etchings by Giovanni Raptista PirBrii;si (1720-1778}, “Veduta 
dal Pala^o dell* Arademia” and “Veduta sul Monte Quiriualo del 
azTO Ecc^entissima,” wore received as Smithsonian Insritutloil 
deposits. Eight etchings illustrating Homer’s Odyssey, by tlia well* 
knowjv Polish artist Sigmund Lipinsky (1873-1040), were presented 
by Mrs* Slinita K* Burgess IjipIuEky, 

.ffwtOTy.—A very iuteii?sting specimen received in die division of 
civil history was a piano used in the IVliite House during the adminia- 
tration of Prreident John Quincy Adama^ This piano, on loan from 
the Jujlliand School of Music in Sew York, ia a very early one of 
^eriton make, bearing the type of label userl between 1822 and 1820 
by Alphaeus Babcock who worked in Boston, 
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A largo coUectioQ of vasos, audirotis, and olher onuimental piocec 
donated by Mi’s. W. Miu’ray Crouo of New York City helped to com¬ 
plete the exlubitjon of elmoat eYery aetdng in the First Ladies lialL 
As a loan the Museum received from B. Woodrirff Weaver two gold 
sofas whidi wei'e missing from the Wliite House suite of furniture 
previously acquired. I'hese sofas were sold at auction by tlie White 
House in lUO^ to a private putty. Tliey were purchased by the 
Bames futiiily of Woslilngton. 

Mrs. Dwight D. Eisenhower presented tlie gloves, evening purse, 
iewdry, and slippers that she w'ore with her inaugural dress. These 
accessories complement this unit for exhibition. Two fans and a blue- 
and-white Cliinese porcelain vase belonging to Mrs. Herbert Hoover 
were presented by ilrs. Herbert Hoover, Jr. A hickory walkiug stick, 
inlaid in silver and bearing the name of Abraliam Idncolu, was given 
by Samuel J. Prescott, 

A gift to the division of military history from Joseph Cummings 
Chase contained 79 portraits of World War I ofiicers and enlisted men, 
and one portrait of on enlisted nuLg in service during the Korean 
conflict. 

Outstanding among the accessions in the division of numismatics 
was the gift from Mis. WiiUam D. (Gorgos) Wrightsou, comprising 
43 award medals and decorations given to Dr, William Crawford 
Gorgas, 1854^1020, Sanitation Engineer for the Panama Cauul Com¬ 
mission nnd later Suigeon Genenil of the United States. 

The Post OlGca Department continued as the principal means where¬ 
by the philatelic coUections are kept up to date, forwarding one speci¬ 
men of each new stamp distributed by the Universal Postal Union. 
Three shipments of approximately 3,000 stamps wd,-® tmtisferrcd, 
Tlie Treasury Department through the cooperation of T. Coleman 
Andrews, Commissioner of Internal llevenue, transferred an addi¬ 
tional 49,642 specimens of United States revenue stomps and proofs. 

Among gifts from private donoi'S, especial mention is made of two 
additional collections of great value from Ernest Loweuateiu. One 
collection comprised four volumes of Honduras airmails, replete witli 
rarities, and the other consisted of a 3-volume collection of Paraguay 
ainnailsL 

EXPLORATION. FIELDWORK, AND RELATED TRAVEL 

During November 1954, Frank M. Sctzler, head curator, department 
of anthropology, nnd C. Malcolm Watkins, Associate curator, division 
of ethnology, excavated a number of test pita at Slarlborough Point, 
Stafford County, Va,, to obtain evidence of tho former location of 
liousea, taverns, and industries of this long-abandoned colonial town. 
iTie acquisition of such information will supplement existing knowl- 
BT093O—Sfl-a 
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edge of the origins of Virginia and its subsequent influence in the 
settlement of the country west of the Al l egheny Mountains. 

From August 16 to August 30, 1954, Dr. Clifford Erans, Associate 
curator, division of archeology, examined ooUwtions at Bel&u and 
Rio de Janeiro and attended as official delegate the 31st International 
Congress of Amencanists at Sao Faulo, Brazil. New acqtusitions in 
the ilu^ Kational and the Musoo de Anthropologla at Lima and 
the Regional Museum at Cuzco, Peru, were ezainincd during the flrst 
week of September. Axcheotogieal investigationa inTolving stnitl- 
graphic technique and surrey were undertaken from September 8 to 
ifovember 1,1954, in tlie Gnayas Basin, Gua3raquil, Ecuador, to estab¬ 
lish sufficient BFidence to evaluate the previously collected materials 
in themuBoum of Sr. Emilio Estrada, 

Theatndy of early Virginia pottery in the collections of the National 
Pork Service at Jamestown and Williamsburg by C. M. Watkins, asso¬ 
ciate curator, division of ethnology, was continued during March and 
April 1955. Mr. Watkins also made two trips to New England and 
New lork to obtain materials and data for incorporation in the 
Cultural History Hall, 

Dr. Waldo E. Wedel, curator, division of archeology, was detailed 
to represent the D. S. National Museum in conferences with River 
Basin Surveys pet^tmel at Lincoln, Nebr., relative to the division of 
archeological specimens collected in the Missouri River Basin since 
1946, Specimens from important ardieologicul and historical sites 
in North and South Dakota, Nebraska, and Wyoming have been re¬ 
ceived on the basis of the arrangements concluded at Lincoln, and 
other needed material from aiontena, W3'Oming, and Kansas will be 
forwarded for incorporation i n the national collections. 

From September 20,1964, to January 21, 1955, Dr, T. D. Stewart, 
curator, division of physical ontliropology, was detailed to the Army 
Gravefi Registration Service to conduct research on skeletal aging of 
Amencan war casualties returned from North Korea at the 8204th 
A. U-, Jono Area, Kulmra, Kyushu, Japan. Since in all instances the 
age at death is known, it will bo possible when aiial3rsi8 of these records 
is completed to set up more accurate standards for determining the 
age of uDidentifled skeletons. 


Dr. Ernest R, Sohns, associate curator, division of grassy con¬ 
ducted botanical fieldwork in the state of San Luis Potosi Mexico 
^m August 29 to October 16, 1954. Grasses were collected in the 
Sierea de Alvarez, Sierra de San Miguelito, Sierra de Cuates, Sierra 
de Guadalc^ar, Sierra Madre Oricntel, Sierra de Catorce, and Siotra 
de Mexiqmtic, as well as at intermediate localities. At the request of 
Dr Juan I^onard, general secretary, El Centro de Invegtigadones 
AntropoWgicaa de MIxico, Dr. Sohns was detailed to ocrompaity 
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an Q^xpedition to the unexplorod region of southeast Chiapas^ near 
Lake Miraumr^ for the purpose of participating in a coordinated 
exploratory prognim* Fieldwork was carried on from March 15 to 
April Is i055j and some 640 botanical specimens were obtained. 

The last five days in December 1954 were devoted by Dr. Robeii P. 
Multhanf, curator, division of engineering, to the inBpection of dis¬ 
play and lighting techniques in the Metropolitan llusenm of Art, the 
American Museum of Jfatural History, and the international Business 
^lacliines Co., for utiliJSation whore suitable in the Power HalL The 
collections of the Henry Ford Afuseum in the fields of power machin* 
ery, electrical ajspfiratus, niachine tools; and transportation were ex¬ 
amined late in Marcii 1955, and the Edisou Institute in Greenfield 
Village, Dearborn, Mich,, was viEiteti Dr, Multhauf also represented 
the Smithsonian Institution at tlie 75th anniversary meeting of the 
American Society of Mechanical Engineers during Juno 1956+ 

George GriJlenhagen, associate curator, division of medicibe and 
public health, in January 1055 consulted with representativea of 
Merck & Co., Rahway, N. J,, relative to a proposed vitamin exhibit. 
Tn February 1955 he inspected the Apothecaries Hall in the Charleston 
(S, C+) Museum, La Phurmacie Fmncaise and the Cabildo (State 
Historical Museum) at New Orleans, T^a,, to e:saraine the typea of 
early pharmaceutical equipment, the materia medica callections, and 
archival records. During Juue 1955 he inspected a number nf pharma¬ 
ceutical and medical exhibits housed in inatituHons in New York and 
Philadelphia, All these visits were made to obtain suggestions and 
assistance in the planning of the Hall of Health, 

Edward Kendall, associate curator, division of crafts and in¬ 
dustries, during the last week of September and the early part of 
October 1954, viaitet:! a number of New England museums, chiefly at 
Hartford, Worce^er, Salem, Durham, Boston, Burlington, Denning- 
ton, Ithaca, and Coming, to examine handicraft tools, agricultural 
implements, and historical materials, 

GraoB L+ Rogere, assistant curator, crafts and industries, during 
December 1054 visited the Henry Ford Museum at Greeixfield Village, 
Mich,, to obtain detailed data relative to textile machines, particularly 
the SehoHield wool-carding machine, and the sewing machines, as 
well as to inspect the exhibition and storage techniques for textile 
fahrica. She also observed exhibition techniques at the Detroit Insti¬ 
tute of Alia and tlxe Detroit Historical ^fuseum. During the first 
week of Nfarch 1955 IMiss Rogers examined tlio collection of textile 
machinery at Old Rioter ^fill, Pawtucket, R+ I+, historical papers on 
tha Rhode Island Jliatorical Society at rrovldence, tlie textile collec¬ 
tion in t ho Rhode Island School of Design, Hie handwtiven textifea in 
the Essex Institute at Salem, and the collections of tlie Connecticut 
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Valley Historical Society and Old Sturbridge Village for idofts ap¬ 
plicable to tlie improTemcnt of oiir textile exhibits. 

Jacob Kaioen, curator, divisjon of graphic arts, made a critical 
study of six color prints made in 1744 by John Baptist Jacfaon in the 
print department of the Boston Aftiseum of Fine Arts to detetmine 
the ntitnber of wood blocks used in making the prints, and gathered 
additional data for the descriptive catalog of Jackson^a color prints. 

A survey of the paleobotanicfil materials in the collections of the 
American Museum of Natural History, mcluding spe^itneus formerly 
exhibited, was made by Dr, G. A, Cooperj curator^ division of inverte¬ 
brate paleontology and paleobotany, in November 1954. During 
April 1955 Dr. Cooper obtained collections of invertebratB fossils 
from the Porterfield Quarry near Saltville, Va., and from the reef 
and interreef beds at Blacksburg, Va. A short field trip, financed hy 
the income from tlie Walcott bequest, was made by Dr. Cooper during 
May 1955j when mvertebrote fossils were collected fi'om the Middle 
Devonian near Ilaniilton. N* Y*, and from Ordovician rocks north 
and east of Utica, X. T. During June 1955, he studied the prepara¬ 
tion teclinlc|ues and the tlispluys of fossil marine invertebrates in the 
Miiseupi of the University of Michigan and the Chicago Natural 
History Museum. Tlie Tjandon collection at the Uiriveraiiy of Wis- 
fonaiii was examined and conferences were held with Dr. A. K. Miller 
of the State UnivorBity of Iowa on problems related to the siratigraphy 
of tlio Permian of the Glass Mountains in Texas. 

The mther poor representation in the national eollections of 
Foramlnifera from the Miocene deposits of nortliem Florida and from 
the upper and lower Cretaceous of Texas and Oklahoma was ma¬ 
terially improved by fieldwork undertaken by Dr, A* E. fjoeblich. 
a^ociate curator, division of invertebrate paleontology, and Prof. 
Eugenia Montanaro Gallitelli of the University of ^Modena, Italy, 
during January 1955 under the Walcott fund- From April 24 to 
May 12, 1055, Dr, Loeblich was engage<l in making a reconnaissance 
collection of Foramiiiifem from nearly evety major strntigTapbic level 
on Trinidad Island and in studying fnnnal OBsemblage^ in tlie 
geological laboratory of Trinidad Leasehold, Ltd. 

Dr. David Nicol, associate curator, division of invertebrate 
paleontology, examined pelecypod material, particularly Conocardi- 
tim, in the collections of the American Museum of Natural History 
aud the Museum of Comparative Zoology during Intc December 1954. 

Under the income of the Walcott bequest, Dr. D. H. Dimkle, aEsoci- 
ate curator, division of vertebrato paleontology, was engaged in field¬ 
work from July 34 to September iSj 1954. ^^oepecting in the ex¬ 
posures of Rfiddle Cretaceous ifowry sbalo south of Cody. Wyo., wmsi 
canned on for 13 days, and he then proceeded to Logan, Utah, for 
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caUoctin^ in tha Lower JDevonjan Water Carkyoit formation. Aiter 
five days in this area, Dr. Dnnkle moved his ciunp and obtained an 
esctremely imijortant collection of marine Lower Triasaic fishes fi^om 
the Woodsido formation in Pam Canyon. Subsequently the occur¬ 
rences of fossil fishes in tlva upper half of the Triassic Chinle forma¬ 
tion in Big Indian Wash near MonticeUo, Coio., were investigated. 
On the return trip to Washington stops were made at Upper 
Cretaceous Niobrara Chalk esposum at Sharon SpriugSj Oakley, and 
near Hays, Kaus., to ascertain the possibility of oecuruig needed ma¬ 
terials for the adiibitiou program. Lluscum olhciale of the University 
of Oklahoma were consulted relative to the possibility of acquiring an 
exhibition specimen of the large pcljcosaurian reptile Uotylorh^his^ 

Inasmuch os additiona] fish display material is needed for the lower 
vertebrate hall now in the planning stage, Dr. Dunkle, assisted by 
Don Uuadagni, exhibits proparator, prtxieeded by l^luseum truck on 
ilny IS, 1D55, from Washington to western Kansas. Enroute arrange¬ 
ments for fcl^o exchange of European fo^il fishes were completed with 
the Came^e Museum in Pittsburgh, and a email collection of fish re¬ 
mains was made in excavadona in the Upper Devonian Rlong the new 
Ohio Turnpike right-of-w^ay. On arrival at Hays, Kaos., George F. 
Sternberg guided the party to die Haverfield Hanch in southwestom 
Gove County where camp was established. Collections of fish were 
obtained from exposures of the Smoky HUl member of the Niobrara 
formation. 

Through the generosity of Dr. Stuart II. Perry, of Adrian, Mich.^ 
in providing travel funtis, E. P^ Henderson, associate curator, division 
of mineralogy nnd petrology, was enabled to examine the meteorite 
collections of tlie British ^kluseum (Natural History) at London, as 
well QS those at the universities of Bonn and Afuiiich in Gonuany. 
More than 460 meteorites were reviewed at the Institute de Mineralogie 
et Petrographie, University de Strasbourg, France* At Tienna, Aus¬ 
tria, he examined tlie meteorite collection in tha Naturhistorischen 
Hofmuseum, which is regarded as the best in Europe^ iTc devoted 
approximately a week to die examination of tho colloctioti of the Lnb- 
oratorido Aetrofisico, Castel Gondolfo, Specola Vaticana, near Home, 
lUly, and subsequently examined the meteorites housed in the Mu¬ 
seum Nadonal dTIistoiro Naturelle at Paris, France, and those not 
represented in our national collections were listed. Tlib trip covered 
the period from August 20 to October 30,1954. 

Tho generosity of Afr. and Mra* Bmeo Bred in, of Greenville, Deb, 
enabliHl the Smithsonian Insdtndon to undertake a field investigation 
of the plant mit^ and other typos of tho smaller animal life of central 
Africa, The field party, which assembled at Leopoldville, Belgian 
Congo, April 8-11, 1055, consisted of Dr. Waldo L. Schmitt, head 
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curator ot zoology, leader of tbo expedition, Dr. Edward W. Baker, 
ucarologist, on detail from the U- S. Department of Agnoulture, and 
Dr, fioy Lyman Sexton, physician, of Washington, D. C., us medical 
coiisiiltaxit and photographer, assisted by his son, Roy Lyman Sexton, 
Jr,, as microphotographio specialist. Traveling by auto and truck, 
except for a short plane flight from LeopoldTill© to Stanleyville, they 
spent some 60 days in the Belgian Congo and the mandate territory 
of Eoaiida-Urundi; 4 days in Uganda on the way to the head of navi¬ 
gation on the Nile at Juda; and 19 days in the Sudan and Egypt, the 
descent of the Nile being made by steamer and by train around the 
cataracts. The expedition concluded its travel at Cairo on Juno IT, 
1065, the collections having been forwarded by train from Kampala, 
Uganda, to the port of Mombassu, British East Africa, for shipment 
to Washington. Through the courte^ of the Institute des Parcs 
Nationaux in Brussels and particularly its president, Dr, Victor van 
Strnelen, permission was given for photogrn piling many of the larger 
big-game mammals inhabiting the Garambo, Albert, and Kagera Na¬ 
tional Parks on the route of tlio expedition. Scientifically profitable 
visits were made also to the leading geological, medical, and agricul¬ 
tural research stations operated by the government, including tliose 
at Leopoldville, Yangatnbi, Nioka, Lwiro, and Bukavu. 

At the end of December 1964, Dr. Alexander Wetmore, research 
associate, returned to Panama to continue the ornithological survey of 
the Republic, Until late in January he was located at the Juan Mina 
field station of the Gorges Memorial Laboratory for Tropical Medi¬ 
cine on the Rio Chagres, a short distance below Madden Dam, an area 
on the Caribbean dndnage, which, through the formation of Gatnn 
lolfA, has become especially favorable for birds that choose a fresh¬ 
water habitat, as well as tliose that frequent forest. 

Late in January, accompanied by Mrs. Wetmore, Dr. Wetmore 
drove by jeep to El Volcun in the mountains of weetem Chiriqui to 
rcmain until the end of March. The Finca Palo Santo of Don Pablo 
Brackney was again made available for a base, and from here he 
worked into the lower Temperate Zone on Cerro Picacho on the Con¬ 
tinental Divide and also covered the lower and nnddle slopes of the 
great Chiriquf Volcano, In Fehnmry the party located at the finca 
of Alois Hartmann at Santa Clara, visited also last year, and from 
here it was possible, through use of a jeep, to make valuable collections 
across to the Panamanian-Costa Rican frontier near El Sereno, Here 
the forest on the Panamanian side still remains only on the hills and 
in the steeper valleys, ag in the more accessible areas timber has been 
cut. Studies made later from the small settlement of Cerro Funte, 
located at 6,100 feet elevation toward the Continental Divide, were 
especially interesting since this place gave access to high, heavily 
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forested valleys In the true Temperate Zone. Here quetzals, jays, 
and a variety of little-knoTm, high-mountain birds ranged through 
trees grown lieavily with moss and dense undergrowth constantly wet 
from misty rain. Ifoming temperatures ranged down to 45® F. 

Following this, a few days were devoted to Gerro Chame, a low, 
isolated mountain on the coast below Bejuco, and a day each to the 
La Jagua marshes, near Pacora, and the high ridge of the Gerro Azul, 
beyond Tocumen. The latter mountain is especially interesting os 
the haunt of an unusual species of hummingbird, known first from its 
discovery by E. A. Goldman during investigations for the Smithsonian 
in 1912, and named 

Tlie field inveetigations concluded witli two days on Barro Colorado 
Island, tlxa SmitliMnian biological station in Gatun Lake, the time 
being devoted mainly to observation from ciiyuco along the island 
shoreline. The worl^ during W'hicli Arniageddon Hartniaim served 
again as assistant, was completed on April 5, During the 3-raonth 
period notes were secured on approximately 400 species of birds. 

During the last week of September 1954, Dr. David H. Johnson, 
acting curator, division of mammals, devoted a week at the Chicago 
Natural History' Museum to the study of tyjKS and other specimens 
of mammals in that collection from Formosa, Borneo, and Siam. On 
the recommendation of the Commission on Hemorrhagic Fever, 
Armed Forces Epidemiological Board, military air transportation to 
T.<ondon and return was furnished on March 20, 1055, to Dr. Johnson 
for the purpose of studying the types and other related specimens 
from northeastern Asia in the collections of the British Museiun 
(Natural History). This commission requested Dr. Johnson, with 
the assistance of Lt. J. Knox Jones, to undertake a review of Eorcar 
mammals collected by Army field teams between 1952 and 1954. 

From March 27 to April 0, 1055, Dr. Charles O. Handley, Jr., 
assistant curator, division of mammals, was engaged in comparative 
studies of foxes, bats, and marsupials in the collections of the hluseum 
of Comparative Zoology and the American Museum of Natural 
History for the purpose of advancing completion of revisionaiy 
studies. 

Dr, Ernest A. Lachner, associate curator, division of fishes, assisted 
by Frank Schwartz of the University of Pittsburgh, collected in the 
interval between September 9 and 14, 1964, several thousand fishes 
in furtherance of his projected study of the fresh-water fishes of the 
mountain streams of Virginia, the Carolinas, and Georgia. 

Dr. J. F. Gates Clarke, curator, division of insects, left Washington 
on May 25,1065, for an extended field trip to the Pacific Northwest, 
financed by a grant-in-aid from the American Plulosophical Society. 
This research project involved Us a collection of larvae of small moths 
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of the genera D^j>Te!ssaria and Agoropterix^ as well as e^tperimeiital 
observations on their host specificity and host relationships. Field¬ 
work was commenced in Wyoming and carried on subsequently in 
Utah, Idalio, Oregon, Washington, hfontana. North Dakota, and 
hlinncsota. 

Frederick M. Bayer, associate curator, divison of marine invcrte- 
hrates, under a cooperative arraugement with the Marine Laboratory 
of tlie University of hGami, conduded a search from August SO to 
September H, 1954, for a reef among the Florida Keys suitable for 
reproduction, in part nt least, as a coral reef group in the projected 
Hall of Ocean Life, An unusually lururintit, actively growing 
Acrupcrst reef with conspictious sea-fans and other gorgoniaus was 
located, and will furnish all the materials needed for an instructive dis¬ 
play. Undenvater pictures were taken of the reef and some material 
was collected for use in the preparation of this eshibit. On June 21, 
1955, Mr. Bayer was detailed to join an expedition to the Palau 
Islands sponsored jointly by the Georgs Vanderbilt Foundation and 
the Office of Naval Besearch. 

hfendel L. Peterson, acting head curator, department of history, 
participated In a cruise sponsored by Kdwin A. Link, of Binghamton, 
N. Y., to the Bahamas, Haiti, and Cuba from May I to July 7,1D55. 
The objective of this cruise was to investigate Spanish wreck sites on 
Silver Bank and to retrace the probable route followed by Columbus 
in the BiOiamas during his first voyage to America, as well as to in¬ 
vestigate the marking and decoration of muzzle-loading cannon. 
Pliotograplis and mra-auremente were token of cannon in the old forte 
at Nassau in the Bahamas, at Turks Island, at the Citfldellc of Henri 
Christophe at Port au Prince, and those in Morro Castle and the 
Cabana Fortress in Havana, Cuba. 

Beta-ecn December 12 «nd 16, 1954, Margaret W. Brown, associate 
curator, division of civil history, visited New York City and vicinity 
for oonaultations relative to the installation of materialg in the First 
Ladies Hall. Franklin R. Bruns, Jr^ associate curator, division of 
philately, participated during the past year in fnst-dav ceremonies 
for postage-stamp issues and in eshihitions containing portions of 
the national postage stamp collections at Chicago, New York, and 
Philadelphia. 

To obtain three bison for display in the North American Mammal 
Hall, W. L Brown, chief taxidermist, proceeded on October 11,1954, 
from Washington to the National Bison Range at Moieae, Mont, 
where arningemcnta had been made with the National Park Service 
for skins of thr™ suitable surplus animals. Subsequently, Mr. Brown 
traveled to Amidon, Slope County, and to Bismarck, N. Dak,, to obtain 
Rocky Mountain and columnar cedars, willow, dwarf juniper, sage¬ 
brush, and grasses for use as background materials in this exhibit. 
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John E. Anglim, eadiibita Bpecialifit, visited the Chicago Natural 
History Museum for th^ purpo^ of studying the o^^Uibltion techniques 
employed in the newly completed bird, invertebrate paleontology^ gem, 
mineral, and manurjiU hall?. Discussions were held with tlio eshibitB 
pi^eparator? and the respective curfitors. Several trips wero also made 
to the Museum of Scienoa and Industry at Chicago, between June 
and June £7, 1955, 

EXHIBITION 

The pmgi'am for modernistuiu of exhibits initiated during the 
preceding year was continued in 1955 by a Congre^ional allotment of 
$360,000. Contracts were awarded and w^ork commenced on tU^ com¬ 
pletion of the Nortli American Mammal and Bird HaUs and on the 
construction of the Culturtd History Hall (Colonial tradition in 
America) and tlie Power Machinery Hall. 

After many months of planning by Associate Curator C, Malcolm 
Watkins, with the cooperation of John E, Angliiii, chief exhibits 
preparatory and the Public Buildings Service, construction was begun 
in HaU £6 on exhibits depicting colonial life iu North Amurica, 
Huuschold furnishings and useful and decorative arts illustrating do- 
meatio customs from the earliest settlements along the Atlantic coast 
lo about 1839 will be displayed in 50 cases and 6 period rooms. Two 
of the latter will be ground-floor rooms of a complete 2-story seven- 
teenth-centuty house fioni Everett, the gift of Dr. and Mrs. 

Arthur At Greenwood, of Marlboro, Maiss. 

An instructive exhibit of “Eolk Pottery of Early New England” 
was installed in an akovo of lha ground-floor foyer of the Natural 
History Building by Mr. Watkins and the exhibits pn?x>tii'ators. Tlie 
redware and stoneware displayed in this special exhibit were selected 
from the gift collection of Mi-s* Lum Weidside Watkins^ 

On the evening of June 2,1955, the President of the American A^o- 
dation of Museums, Dr. William AL AliUiken, and the Secretary of the 
Smithsonian Institution, Dr. Leonard Carmichael formally opened to 
the public tlm newly modernised American Indian Hall. This cere¬ 
mony was aoheduled aa part of the progi-am of the 50th amLiversaiy 
meeting of the American Association of Aluseunta. Tlic ethnographic 
exhibits in the hall range geograpmcallj from Tierni del Fuego at the 
Bouthem tip of South America, tbrougli Latin America, to the south¬ 
western United States and California, and display various fispecta of 
the ways of life of these historic Indian cultures. The life-size groups, 
a legacy from the i>ast, were designed by the talented artist and former 
head curator of anthropology Dr. William IL HoLhes. Five minia¬ 
ture dioramas supplement the Ufe-ake family groups and portray the 
Indiana who met Columbus, life in. a Tosemite Indian village iu 
autumn when acoms are being collected in the valley below the tower- 
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iRg Yoscmite Falk, a. sacred ceiemony in the Antelope Eiva of the 
Hopi Indjtms, terrace farming among the Inca, and a camp scene 
among the Yahgan Indians, the southemmoat people in the world. 
Wall coses display the basic economy of each ciilture, such as food, 
clothing, slid ter, and handicrafts. 

During tlie year the e.\hibits staff of the department of zoology com¬ 
pleted the installation of tlie puma, Alaska wolf, pronghorn antelope, 
and Virginia deer in the recently constructed display units. For the 
bison group in this North American Mammal Hall, the Fish and Wild¬ 
life Service provided three animals from the National Bison Bunge. 

In the hall devoted to birds, all cjonsLruction work and one habitat 
group depicting the bird life of the Antarctic were completed. Fito 
emperor and three Addie penguins, a skua, a kelp gull, and a snow 
l»trel are included. The paintings on the backgrounds of five addi¬ 
tional display units—the hoatzin, Carolina parakeet, bowerbiid, 
honeyguide^ and palm chat—were practically finished at the close of 
the fiscal year. The paintings of flying birds for the ceiling of this 
hall were reported to be completed and the installation of eslubits in 
some of tlie alcove cases was commenced. 

A special series of small exhibits of insects was prepared and placed 
in the foyer of Uio Natural History Building. Notable among these is 
an exhibit of Morpho butterfiics, showing sexual dlnaorphiam and the 
contrast between physical and chemical coloration. The display tech¬ 
nique developed by Thomas G. Baker of the exhibits staff should be 
of decided interest to other museums because of its novelty and 
effectiveness. 

Planning for tlm modertiixatian of the geolo]^cal exhibits has been 
^umed. Tho general plans and layouts of tlie halls for minerals, 
invertebrate fossils, and the lower vertebrate fossils have now been 
determined. Preparation of the giant ground sloth material from 
Panama lios been completed, and two skeletons have been ai ^m ble d 
for mounting and inataDadon in the eiiiibition hall. Changes in the 
mineral exhibit consist of replacing specimens by finer examples as 
they are acquired. 

Tlie detailed planmng of the Power Mac hin ery Hall was completed 
during the year, the plans and specifications were reviewed, and the 
preparation of exhibits for installation was in progress. Tlie exhibits 
in this hall will portray the story of tho dovelopmont of power ma¬ 
chinery by using original machines, models, and graphic devices. 
Several new models of pioneer power machines were constructed by 
Donald IL Berkebilc, modehnaicr, in the exhibits workshop. The 
actual construction of this hall will start slvoitly after the dose of 
this fiscal year. 

An outline of the plans for tho Hall of Health was circulated to 
profesrionally interested individuals and institutions for their com- 
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m^nt. The theme of this ball ’srill he ^Man^a Knowledge of His 
Body Then and Now,” a comparison of past and pr^iit ideaa and 
knowledge of the hiunaa body^ 

Jacob Kainenj curator, and J. Harry PhDlips, Jr., aide, diTision of 
graphic arts, began a complete reyision of the c^ibita in the portion 
of the Smitt^nian Building known as the '^'cbapeV^ with a yiew to 
presenting a graphic esplanation of tho techiuiiuea of picture printing 
and to tracing the development of the important processes employed 
to reproduce pictures niecbanically. The photogravure and roto- 
gravure sections luiTe been completed and the halftone relief process 
is partially completed. The old built-in display ca&os Intve been 
painted a light gray, and lighting has been installed in the hall for the 
first time. 

In the section of photography material was gathered for eixhibita 
relating to the history of stereopbotography and to early motion- 
picture devices. A series of new eshibits in tho northwest gallery 
relating to the development of the camera sliuttcr, the camera lens, 
ortilicial light, and instantaneous photography, and the applications 
of photography to everyday life, to scieticc and mdiistry, to welfare, 
and to cducadon are now in the planning stage. 

The First Ladies Hall in the Arts and Industries Building was 
formally opened on May 34, 1955, with the President of the ITnitcd 
States and Mrs, Eiseiiliower participating in the dedication. The 
eight large display unite in this hall are designed to represent dif¬ 
ferent rooms in the ’l^hite House from ite earliest period to the present 
time. Tliese settings afford the visitor an opportunity to view tho 
dresses in surroundings similar Co those in which they were originally 
worn. Architectural <ktails received fmm the White House during 
the recent reconstruction have been incorporated in the rooms. Each 
room contains from three to sLk dresses representing a time span of 
about 20 years, and in consequence a stylo of background and fur- 
nielungs typical of the period woe aeketed lo create an appropriate 
setting for all tlxe dresses. Changiog styles in White House decora¬ 
tion, from the earliest days to the present, eho^vn in these rooma are 
actually based on written descriptions of tho White House as well as 
available pictorial evidence. 

An exhibit illustrating the history of the United States Marine 
Corps was dedicated on August 10,1054, in a section of the Hall of 
Naval History, by Dr. Leonard Carraichacl, Secretary of the Smith¬ 
sonian, end Gen. Lemuel C* Shepherd, Ck>minandant of the Marine 
Corps, A colorful parade of the Marine Corps hand preceded the 
dedicfition. This e-:^hibit reveals the historical development of tlus 
organisation by means of a serJea of uniforms, swords, and inisceHm- 
neoiia items owned bv notable officers and enlisted men. 
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A special eihibHioa, “History Under the Sea,” was installed in 
the foyer of the Natural History Building where it was displayed 
from July 20 to August 20, and subsequently for about three months 
in the rotunda of the Arts and Industries Building, 

Seventy-sir double frames in the philatelic e^ibit cases were 
utilized for display of an exceptionaUy complete series of United 
States revenue stamps which were transferred by the Internal Rev¬ 
enue Service. The Commissioner of the Internal Revenue Service, 
T, Coleman Andrews, made the presentation to Dr, Leonard Car¬ 
michael, Secretary of the Smithsonian Institution, on Octover 12. 
1054. 

VISITORS 

During the fiscal year 1955 there were 3,312,870 visitors to the 
Museum buildings, an increase of 50,730 over the attendance in 1954. 
Tlie average daily number of visitors was 0,6l>8, Included in this 
total are 288,195 school children, who arrived in 7,316 Roparate groups. 
April 1955 was the month of the largest attendance with 432,058 
visitors; May 1656 was the nest largest with 474,485; and August 
19^ was the third with 417,807. On one day, May T, 1955, 55,000 
visiters were recorded. Attendance records for the buildings show 
the foUowing number of visitors; Smithsonian Building 605,261; 
Arts and Industries Building, 1,742,317; and Natural Hietoiy Build¬ 
ing 606,292, 

BUILDINGS AND EQUIPMENT 

On June 28,1966, the President of the United States approved the 
Act of Congress which authorizes and directs the Regents of the 
Smithsonian Institution to plan and construct a suitable building for 
a Museum of History and Technology at a cost not to exceed $36,000,- 
000. It is ft gratifying recognition of the value of the collections and 
exhibits which the staff have developed over the years. IVheu com¬ 
pleted, adequate facilities will make possible the tong-coutemplated 
effectiva presentation of objects in these fields. 

The outward appearance of the Arte and Industries Building was 
materially improved by t!ie installation of etainlees steel doors, tran¬ 
som, and finish^ frying at the north entrance. The outmoded 
doorway was di vided into three passageways which not only imparted 
a som^hat unsightly aspect but also hampered the inflow and exit 
of visitors. In continuation of the renovation program, the north, 
east, and south halls in the Arts and Industries Building were painted 
for the first time in many years. 

CHANCES IN ORGANIZATION AND STAFF 

Dr. Thomas E. Bowman was appointed Assistant curator in the 
division of marine vertebrates on August 2, 1964. 


SECBETAKY'B REPORT 


35 


On September 13, 1954, Dr. J- F. Cbtea Clarice raplaced Dr. E. A. 
Chapm who retired on Januaiy 31,1954, as cuiiitor of the divMoa 
of Insects under a tlunafer from the Insect Idetiti&catloD and Parasite 
Introduction Section of the Entomology Besearch Branch of the D. S. 
Department of Agriculture. 

Dr. Eichat-d E. Blackwelder, associate curator, dirision of insects, 
resigned effective October 29,1954. Dr. B. Tucker Abbott, associate 
curator, diyision of moUusli^ resigned Noruaber 10, 1054, to accept 
a portion at the Academy of Natural Sciences of Philadelphia. 

Austin H. Clark, research associate, y»ho retired as curator, diri- 
aion of cchinodeima, December 31, 1950, after serving more than 
42 years as a membor of the etaf, died on October 28,1954, at Wash¬ 
ington, D. C. 

The department of geology lost, througii death, on June G, 1955, 
tlte valuable services and stimulating associations of Dr. John Putnam 
Marble, reseai-ch associate in the division of mineralogy and petrology 
since 1948. 

Bespectfully aubmitted. 

ItxjULNOTON Kei4axhi, Director^ 

Dr. LnoKaan Cakuichaei^ 

Secref^irt/t Smiihionian ImtitviioTi. 


Report on the Bureau of American 
Ethnology 

Sib: 1 Lave the honor to submit the following report on the field 
researches^ office work, and other operations of tlie Bureau of Ameri¬ 
can Etiinology during the fiscal year ended June 30, 1&55, conducted 
in accordance with tlie Act of Congress of April 10,1028, as amended 
August 22,19403 "^^hich directs the Bureau ^ continue independently 
or in cooperation anthropological researches among the American 
Indians and the natives of lands under the jurisdiction or protectiioD 
of the United States find the excavation and preservation of aroheo- 
logic remain^’’ 

SYSTEMATIC RESEARCHES 

In addition to his adniini^tratiTe duties, Dr. M. W. Stirling, Direc¬ 
tor of the Bureau, completed the preliminary etudics of the archeologi¬ 
cal collections made in Panama in 1953, and prepared for publication 
the sections relating to Taboga, Taboguilla, and Urava Islands, and 
also that from AJmirante Bay on the Panama nortli coast. 

Dr. Frank H. H. Boberta, Jr., Asaoemte Director of the Bureau, 
was occupied principally with duties pertaining to the management 
of the Kiver Barin Surveys, of which he is Director (see Ills report, 
p. 40). He reviewed and revised a number of manuscripts on the 
results of excavations at sites in vnriotiB areas. In the latter port of 
September Dr^ Roberts went to Lineoln, Sebn, to discuss tlie opera* 
tiona of tlie field office located tiler® and to talk with the men who 
were coming In from the field. En rout® to IJncoln he visited the 
Department of Anthropolngy at the University of llidiigtin where 
he eXHinined various archeological collections and spoke to a group 
of students on the problem of Early Man in Ajnerica* In November 
lie attended the 12ih Plains Conference for Archeology held at the 
Laboratory of Anthropology, Utiiversity of Nebraska, and took part 
bi discussions on the archeology of the Missouri Basin^ During the 
winter months he devoted a portion of hia time to the preparation 
of a manuscript covering the high points and sununarixing the activi¬ 
ties of the River Basin Surveys from the beginning of Eeldwork in 
the sumtiier of 194G to the end of the calendar year 1954, In if ay he 
attended the annual meeting of the Society for American Archaeology 
at Bloomington, Ind., and participated in a ^posium on the archeo¬ 
logical salvage program. Thence he proceeded to Lincoln where he 
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spent a week reviewiiig the aetiyitiea of tlxe field oflke and laboratory 
and aaaiating in the preparation of plana for the summer field season. 
Toward the end of Jnne Dr, Roberts again went to the headquarters 
at Lincoln to assist in the preparations for sending parties to the field 
and started on an inspection trip through the Mi^uri Basin in com- 
pany with Dr* Jolm M. Cbrbett and Paul Beaubien of the National 
Park Serricn* At the end of June the group was at Clierokee, Iowa, 
where Dr. Reynold J. Ruppo, Jr+, of the Dniversity of Iowa, was 
directing a joint part}' of the XJni’^eraity and the Sanford Musonm in 
excavations at an archeological site on Mill Creefcp 

At the beginning of the fiscal year Dr* Henry B* Collins, anthro¬ 
pologist, was in the Canadiim Arctic, conducting archeological work 
on Southampton Island in Hudson Bay. The expedition waa spon¬ 
sored jointly by the Smithsonian Institution, the National Geographic 
Society, and the National Museum of Canada. Dr* Colima was as¬ 
sisted by Dr. J, N. Emerson, assistant professor of antliropology^ Uni* 
veraity of Toronto, William E. Taylor, Jn, research assistant, Jluscmn 
of Antliropology, Umversiiy of bCdiigan, and Eugene Ostroff, pho¬ 
tographer, of Washington, D. C, 

The party left Coral Harbour, Southampton Island, on June 25, 
traveling by dog team over the sea ico, and camped for the greater part 
of the summer at Native Point, 40 miles dow‘n tlie coast- This aban-^ 
doned Eskimo village of 85 stone and sod house ruins was once the 
principal settlement of the Sadlermiut Eskimos, who became extinct 
in lOOS. Excavation of selected house ruins, graves, and midden areas 
yielded a valuable collection of cultural and dceletel material of this 
litdc-knowTi Eskimo tribe. 

One mile from the Sadlermiut site, on an 85-foot elevation and 
almost a mile from the sea, is a much older site of the Dorset culture, 
probably 1,000 years or more old. Covering an area of well over £0 
acres, this is the largest Dorset site thus far know m Escavationg there 
yielded thousands of artifacts of stone, ivory, and bone, some of them 
tjq>ically Dorset, others representing types that were new to the Dorset 
culture. The site represents a phase of Dorset cultura different in 
ccidutn respects from any previously reported. Among the new types 
were eeA-eral forms of ntierolithie blades recalling those of the upper 
Paleolithic and Mesolithic of Eurasia but not previously found in 
America. Wood was entirely absent at the sit*, having disintegrated, 
and the bird and mammal bones and the ivory, bone, and antler arti¬ 
facts were uniformly patinated and weathered, in striking contrast to 
the freah, well-preserved similar materiol from the Sadlermiut site- 
This suggests a considerable age for the Dorset site and bears out other 
iodicatious that the Dorset culture in Cjinada aud Greenland flourislied 
at a time when the climate was milder than today. 
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Over 45,000 m am mR] bones were escavntcd at the Dorset and Sndler- 
miut sites, and of Uiese some 6,000 were identified in the field- One 
result wfl3 tho domonstratioii of some striking differences in the food 
economy of the Dorset end Sadlermiut people. Twenty graves con*' 
taining complete skeletons were excnvated, and on additional 15 uti- 
aesociated skulls were collected. In mid'July a trip was made by 
Eskimo boat to Coats Island where two Sadlermiut houses were 
excavated. 

A preliminary report illustrating and describing the results of the 
Southampton investigations was prepared for publication. jVnotlier 
article was prepared describing the current status of Arctic archeology, 
results accomplished, and problems toward which research should be 
directed. 

Dr. Collins continued to serve as a member of the Eesearch Com^ 
mittee of the Arctic Institute of North America nnd of tlio stibcomniit' 
tee responsible for planning and supendelng the scientific work of tlie 
Point Barrow Laboratory, operated by the Office of Naval Research- 
He also continued as chairman of the directing committee supervising 
the work of HxeAretic Stblhffrapkiff which the Arctic Institute is pre¬ 
paring for the Departnjent of Defcn.sc, under an Office of Naval Re¬ 
search contract, with funds provided by the Department of tlie Air 
Porce. Volume 4 of Arvitc Slltlioyfaph^t 1.591 pages, was isjtted bv 
t he Government Printing Office in August 1054. It lists and describe 
tho contents of 7,C27 publications in all fields of science relating to the 
Arctic and sub-Arctic regions of America and Eurasia. The material, 
which is extensively indexed and cross-indexed according to subject 
and geographical locality, covere papci^ published in English, Rus¬ 
sian, Scandinavian, and other languages. Volume 5 of the bibliog¬ 
raphy, containing analysis of contents of 5,494 publications, Wag is- 
sued in April 1955- Though all fields of science are included, volume 
6 givea special emphasis to health and disease in the Arctic, environ¬ 
mental effects, Mid anthropology, particularly the native peoples of 
noithem Siberia and Europe. Material for volumo 6 was turned 
over to the printer on rlimo £0,1955. 

On Jime 6, 1955, Dr, Collins left again for .Sotithampton Island, 
to continue the e-Veavations begun last year. Tlie work is being spon¬ 
sored by the National Museum of Canada and the Smithsonian, with 
a grant received from the American Philosophical Society. 

At tl» beginning of July, Dr. Philip Drucker was at his official 
station in W^aahington, D- C., preparing a report on field researches 
complete during the previous year. The report, entitled “Sfodem 
Inter-tribal OrganlBations on the Northwest Coast,” was later sub¬ 
mitted to, and accepted by, the .Irctic Institute of North America, the 
foundation that suppoi-ted the major portion of tlio research, with 
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BiipplemeRtary financial fis3i€t4itice from the AmericaTi Philosophical 
Society otid the Smithsonian Institution. During the same interral 
he also completed a theoretical paper on *^The Sources of Northwest 
Coast Culture,** for publication in the fnt^prei^ti&m of Ab- 
orifftml Am^can Citlhtre History^ 75tli AnniTCrsaiy Volume of the 
Antliropological Society of Washington. 

ThEinks to the liberal support of the National Geographic Societj, 
it was possible to plan an ample program of archeological research 
at the important Olmec site of La Tentoj Tabasco, Mosico^ Plans 
were drawn up for a coopemtire project, in which the National Gco- 
trraphic Society, tlie Smithsonian Tnetitufion, and the University of 
California were to participate. Dr. Dmcker, representing the Smith- 
Houinn Tn5?titutton* and Dr* Hobert F. lleizer, of the UnivT^raity of 
California and honomry research associate of the Smithsonian, were 
to function as coleaders of the eipedition. During the latter part 
of November and early in December^ Dr. Druclcer made a preliminary 
trip to La Venta to obt-siin clearances from local, civil, military 
authorifies, recruit labor, select a camp site, and negotiate other de¬ 
tails. On January W he left Washin^^on to initinte the work, being 
joined on Fobniary 1 by Dr, ITeizer and two of the latter^e graduate 
St Helen ta serving as archs?!o1ogica| assistantsL An additional member 
of the party was Tng. Eduardo Contreras S*, assistant archeologist 
and representative of the Instituto Nacional de Antropologfa c 
Ristoria de In passing, due tribute must be given the offi¬ 

cers of this organization, whose whole-hearted cwperation made the 
fieldwork poarible. 

The primary aim of the expedition was to carty out architectonic 
inveMigationa at T^a Ventiv, since in past years National Geographic 
Society-sponsored parties have recovered a good deal of information 
on Olmec ear arnica and art. Excavatione were restricted almost ex- 
clurivriy to the ceremonial endoeure, where in previous years 
had shown a variety of stmetures to exist. Working through a 3^- 
month season with a craw of about 50 local laborers, the party os- 
cavated a scries of structures of the ceremonial enclosure complsix. 
It proved possible to identify ft series of constructional phases in each 
of the individual structures and to work out n correlation of the phases 
throughout the ceremonial enclosure. From the drift-aand overbur¬ 
den that covered the structures, mat^crmls wore recovered pertaining 
to one, or possibly two, post-Olmec occupations of the site. Deter¬ 
mination of the cultural affiliations of these later inhabilantg is of 
special interest. Carbon samples from Olmec deposits and from 
various structural phases of the Olmec occupation were collected for 
the purpose of obtaining accurate C-14 dates of tJie phosea and 
periods. 

He-1 
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In ftddJtion, a fieries of offerings ^era found, consisting of objects 
of pottery, jade, seq>entine, bemutita, quarts crystal, anti other min¬ 
erals, which add considerably to the stock of arailable knowledge of 
Qhnoc art and teclinology. 

At the end of the fiscal jw, Dr. Drucker was attlie MuseoNacional 
do Antropologia in Mexico, D, F., studying the collections mode 
during the Oeld season, 

RIVER BASIN SURVEYS 

(Fftpuad br rOAnX B. B. ROBmn, 1 Hkh(k| 

The River Basin Surreys continued investigntJOns in cooperation 
with the National Park Service and the Biimn of lieclamation of the 
Department of the Interior, the Corps of Engineers of tJw X^pnitment 
of the Army, and various State and local institudons. Because of a 
further curtailment of funds the Inter-Ageni^ Salvage Program did 
not produce ss estensire results as in former years. Daring the fiscal 
year 1&54-55 the work of the River Basin Surveys was financed by a 
transfer of @52,TOO from the National Park Service to the Smithsonian 
Institution. The funds were entirely for use in the Missouri Basin. 
An ad^tional cartyovtr of @3,091.44 made a total of 156,391.44 for 
operations in the area. That amount was approximately 25 percent 
leas than moneya available for the preceding year, which also had 
suffer^ n drastic reduction. As a consequence, there was e corre¬ 
sponding progressive decrease in the program. 

Field investigations duringthe year consisted mainly of excavations. 
On duly 1,1954, three parties were in the field; two were doing in¬ 
tensive digging—one in the Pork Randall area in South Dakota, and 
one in tlie Gamson Reservoir area in North Dakota, and the third, 
also operating in the Fort Randall basin, was engaged in teet excava¬ 
tions at a number of sites. In each case some lecoimaissance work 
was carried on, but that constituted only a minor activity. At the 
end of the fiscal year no parties were in tho field, but preparations 
were under vray to »nd out threse groups for intensive digging opera¬ 
tions in two reservoir areas. Because of lack of funds no paleontologi¬ 
cal studies wore made during the year and none were planned for 
fiscal 1956. 

By June BO, IflSfi, areas where archeological surveys had been made 
or excavations curried on since the start of actual fieldwork in the 
sonmer of 1946 totaled S43 located in 27 States. In addition, one 
lock project and four canal areas had also been investigated. \s a 
result some 4,346 sites have been located and recorded. Of that num¬ 
ber 852 were recommended for excavation or limited testing. Pre¬ 
liminary appraisal reports were compteted for all the reservoirs 
airveycd, and where additional reconnaissance h»a resalted in the 
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discovBTj of other sites supplemental reports, hare been prepared. 
During the course of tbe year one such report was issu^. Since the 
start of the program 180 reix)rta have been distributed- Tba dif¬ 
ference between that ^ure and the total number of reservoir areaa 
investignted is in part due to the fact that where several reservoirs 
form a unit in a single aubbasiu they are included in one report* 

At the end of the fiscsal your SM sites in 44 reservoir basins located 
in 17 different States had been dug eitlicr e^^tensively or in parL In 
some of the i^servoir areas only n single site was excavated while in 
others a whole series was exnnimed. At Jeai^ one example of each 
type of site found in the preliminary surveys has been inve-Stigated* 
In previous years the results of certain phases of thiit work appeared 
in technical journab and in Bulletin 154 of tl^o Bureau of American 
Ethnology. Six nmnuscript reports on earlier excavation work were 
completed during Oie present year and ai-e ready for publication. One 
major technical report was issued in Dec^^ber as Bulletin 15S of tlia 
Bureau of American Ethnologjj and a summary statement of the 
program in the Missouri Basin for the years 1&50-61 appeared in 
April 1055 in the Smitbaonian Miscellaneous Collections. 

The reservoir projects that have been surveyed for archeological 
remains as of June 30^ 1955^ were distributed as followsi Abbaina, 1; 
Califominsi 20; Colorado, 24; Georgia, 5; Idaboj 11; Dlinois, 2; 
Kansas, 10 ; Kentucky, 2; Louisiana, 2; Minnesota, 1 ; Mississippi, 1; 
Montana, 15; Nebraska, 28; New ilesico, 1; North Dakota, 18; Ohio, 
2; Oklahoma, 7; Oregon, 27; Pennsylvania, 2; South Dakota, 9; Ten¬ 
nessee, 4; Texas, 10; Virginia, 2; Washington, 11; West Virginia, 2; 
and Wyoming, 22. 

Excavations have been made or were under way in reservoir basins 
in: California, 5; Colomdo, 1; Georgia, 4; Kansas, 3; Montana, 1; 
Nebraska, 1; New Mexico, 1; North Dakota-, 4; Oklabcmit, 2; Oregon,^ 
3; South Carolina, 1; South Dakota, 3; Texas, 7; Virginia, 1; Wash¬ 
ington, 4; West Virginia, 1; and Wyoming, 2. The foregoing figures 
Include only the work of the River Basin Surveys or tliat in which 
there was direct coopM*atiou with local institutions* Project that 
WGTfi carried on by local institutious under agroeinents with the Na¬ 
tional Park Service are not included because complete information 
about them is not available. 

Throughout the year the National Park Service, Bureau of Recla¬ 
mation, Corps of Engineers, and various State and local institutions 
continued to provide helpful cooperation in the Inter-Ageney Salvage 
Program and furnished valuable assistance to the River Basin Sur¬ 
veys. In savoral cases mochoiiicjil equipmout waa made available by 
the construction agency, and at other projects temporary office and 
laboratory space was provided. Transportation and guides were 
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fui-nisdied in a nujnbor of IiiGtaiices. Tlio River Basin Surveys lueti 
received iii^lpfuJ aEsistaninQ from the held perjioiitiel of the other 
agoDcies, aod for that rtuisou their nccotuplishments were mnyh 
greater than woTjJd otherwise Jiave been the case. As in previous 
years the National Park Service served as the liaison between the 
vurioug ageucica both in Woshingtou anti in the field. It also was 
luainly resi>oiisible for preparing estiiiiates and justifications and prO’ 
tiuriug funds to support the investigations. The wholehearted coop¬ 
eration of Park Service personnel greatly aided all phases of tlie 
operations. 

The main oflice m Washington continued general supervision over 
the work, w-bile the held headquarters and laboratoiy at Lincoln, 
Kebr., was rospoiisihlo for the activities in the Missouri Basin. The 
materials collected by eacavuting parties in the MisBouri Badn were 
proceasod at the Xincoln laboratory. During Uie year them waa a 
general distribution of si>ecimens and materials from the liiborutoiy to 
the U, S. National kf useum and to various State and local agencies. 
The only activities outaide the Missouri BosLu pertaiued to the com* 
pletion of reporta on work done in previous years and a brief check 
on the status ol Iw'o cotistruction projects in Temicasee. 

^Ya^hititJt^m office .—^Tbo main headquarters of the River Basin Sur¬ 
veys, at the Bureau of American Rthnolugy, continued under the 
direction of Dr, Prank IL JI. Roberts, Jr, Carl P. Miller, archeolo¬ 
gist, was based at that ollice and from time to time assisted tiie director 
in general admitdstiative problenm. 

At the start of the fiscal year Mr. Miller was in the office r/tnttiming 
his Btudiea on the material obtained at the John H. Kerr (Bu^ 
Island) Beeervoir ou the Itounoke River in southem Virginia and in 
the preparation of hie report on the results of invastigations nt Hint^ 
locality. During the fall and winter months he completed a nunu- 
script, ‘*Reevaluation of the Eastern Siouan Problem with Particular 
Emphasis ou the Virginia Branches: the Occaneedii, Saponi, and 
T’utfilo.” He also presented paper's before several ardieologic.al socie- 
ties and interested study groups. In Juno, at the request of the Bu¬ 
reau of American Ethnology, ho made a brief trip to visit and examine 
various Archaic and Paleo-lndran sites in Alabama and Temie^ee. 
Ho mudo an G.vamina.tiou of Russell Cave in Jacksou County, Ala., 
where three and possibly foirr occupation levels are present. Ife also 
visited several Paleo-Indlau sites in the vicinity of D^tur and Hunts- 
viUo, Ala., and studied collections of materials that Lad been obtaimsd 
from tlicio. From ^Uabmua L£r, Afiller went to Nashville, Term and 
after conferring wiUi the Corps of Engineers officers in that citv*’pto- 
M^ed to tlie CheatJiam and Old Hickory projects on the Cumberland 
River to detenume the wact status of the reservoir pools in relation 
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to the aniheologieal sites in their basins. En route from Tennessea 
to Washington Hr. Miller d:opped in Georgia and picked tip inaterials 
collected during the course of iiiTesHgation^ at the Allatoona Eeser- 
voir and brought them to the Nation nl JIuscura. At the end of iltuie 
Mr, Miller was mating preparations to proceed to JTontana to condnet 
excavations in the Tiber Eesarvoip area on the Alarias Rivor^ 
Coiumbiji Ba^inand TeiPOff .—The River Basin Surveys did no field- 
work in these areas during the fiscal year* but two technical reports 
on previous investigations were completed and submitted for pub¬ 
lication. Joel L. Shiner, formerly in charge of the River Basin 
Surreys field headquarters at Eugene, Oreg., and now an ardieologist 
with the National Park Service, turned in a manuscript^ '*The Mc- 
Nary Reservoir, a Sttidy in Plateau Archeology/^ baaed on the results 
of axcavntiona at nine sites. Edward B. Jelks^ who was in charge of 
tho field headquarters at Austin, Tex., before it was transferred to the 
National Park Service and who is still an archeologist with that or¬ 
ganization, completed a report, ^*Excavatioiis at Teinrkana Reservoir, 
Sulphur River, Texas,” detailing the results of the digging at throe 
Bites. As his duties at the Lincoin, Nebr., office permitted, Robert L. 
Stephenson continued work on his ^^Archeologicot Investigations in 
the Whitney Reservoir Area, Hill Comity, Texas.” Mr. Stephenson 
made the cxcavationg on which it is based before tranBfcrring to the 
Missouri Basin. 

Ba^in .—Throughout fiscal 1055 the Missouri Basin Project 
continued to operate from the field headquarters at Lincoln, Ntbn 
Robert I 4 , Stephenswn served as chief of the project from Jnly 1 to 
September 3 , when he wan gmnted leave of absence to complete aca¬ 
demic work on an advanced degree at the Department of Anthro¬ 
pology, University of Michigan. After Mr. Stephenson’s dcpnrtui^, 
G. Hubert Smith took over diiiection of the project as Erclieologist in 
charge. Activitica during the year were concerned mainly with e^- 
c^fkvationa, the processing of the collectiona obtaincMl from the digging, 
analyses and study of the materials, the preparation of gener^ and 
technical manuscripts on the results, and the publication and di^mi- 
nation of scientifie and popular reports. At the beginning of the 
fiscal year the Missouri Basin Project had a permanent staff of twolw 
persons. There were two temporary pfirt-time employees osaifiting in 
the laboratory. During July, August, and part of Septemter, 1 tem- 
porarv ju^otant &n:heo 1 ogiirt and 24 temporary student and 1^ non¬ 
student laborer were employed in the field. Dui^g the field ee^n 
three of the regular staff were engaged in excavation aaivities. The 
tempomrv emplovei^ gtadnally laid off the^c^vatmns and 
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office worker were on the rolls. By the first of November it became 
evident that the finids availnbTe for W5& would not permit the con- 
tinoancje of ns large a staff and a rednctiou m force bocamB necessary. 
As a result on June 30 the staff had been cut to seven persona. 

During the year only throe River Basin Surveys field partiea op¬ 
erated in the Wissouri Basin* Two of them were primorily occupied 
in conducting full-scale escavations while the tliird was engaged in 
mokinR a series of lest excavationsi The latter and one of the full- 
scale digging parties worked in the Fort Randall Reservoir area in 
South Dakota while the oUier escalating party worked in the Garri¬ 
son Reservoir area in North Dalcotfi. All three partica were in the 
field at the start of the fiscal year. At the Fort Randall EeserToir, 
which has been flooding since the dosing of the dam in July 1953} 
escavations were earned on by a group under the direction of Harold 
A. Huscher at the Oldham Village site where previous digging had 
revealed evidence for several components but the relationships were 
not clear. Because of the rising waters of the reservoir pool and un¬ 
satisfactory working conditions, the investigationa were brought to 
a close on July 54, Tlie results of the season’s efforts clarified the sit^ 
nation at the Oldham site and will make possible a much more satis¬ 
factory story of the occupationB there in the period A* 1500 to 1700. 
Shortly after the departure of the field party} tlio Oldham site went 
under water and will continue to bo flooded throughout the indefinite 
future. 

Tlie second party in the Fort Randall area under Paul L. Cooper 
continued its intensive sampl ing operations until Soptomber 50, Dur- 
ing the season 13 sites ranging from the Woodland to the historic pe¬ 
riods wore studied. The sites varied from small tempomrv camps 
to tlie remains of extensive ertrth-lodge villages. Several cultural 
IrnditioiiB are ropresente^i in the materiai obtained from them^ Jlr* 
Cooper had planned to dig nt several additional locations but the rising 
waters of the reservoir prevented his doi ng so. 

During tliB period the two field partie.^ from the Missouri Basin 
Project were engaged in the Fort Randall nroa} a third party repre¬ 
senting the Nebraska State Historical Society, led by Sfarvin F. 
Kivett, and working under an agreement with the National Park 
Service, excavated at Crow Creek Villa^^ ate. The imposinc re¬ 
main of that former fortified earth-lodjiB viHafio have been well 
known to students for many years, but It was not until the summer 
of I9f4 find excavations were under way that the presence of a second 
village area, also fortified, was established. In the latter, evidence 
for two occupations, lioth prehistoric, wos found. These are elc 
nificaut because one of them shows definite relatjouships with cultutwl 
materials m hebmsl™ while tho other clearly defines a cDltnra! phase 
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foiind during an earlkr season ut another site in the Fort EandaSl area 
and which was not weU miderstood. Important data wore also ob¬ 
tained on earth-lodge tiy[>es. In the Ticinity of the vLUage arens two 
burial mounds were tested and inforn^ation wa^ obtained on burial 
customs. The w'ork at that location contributed so much to knowl¬ 
edge of aboriginal occupation in that portion of the Missouri Bsisin 
that the Historical Society in cooperation with the National Park 
Service again sant a party to the site on June 14 where it was 
continuing excavations at the end of the fiscal ycar^ 

In June a party from the Urdvereity of Kansas led by Dr, Carlyle 
S. Smith proceeded to the Fort Bandall Rffiervoir area to begin 
excavations under a cooperative agreement wjUi the National Park 
Service. Tlie Kansas group started digging at a site near Fort 
Thompson. By the end of the fiscal year they had cut cross trenches 
and quadrants in the remains of a large earth lodge approximately 
52 feet in diameter and had tested several refuse tnoiinda in a nearby 
Geld, The materials recovered by the close of the year mdicated that 
the site had relationships with certain occupations at two sites pre¬ 
viously excavated in the Fort Kandah area. The party planned to 
continue its operations through the month of Jtiljj and tho additional 
information obtained should moke possible a belter understanding 
of aboriginal activjtiee in that immediate district. 

The River Basin Surveys did no work in tho Ouhe Reservoir ai'ca 
during the fiscal yoar^ but a party from the South Dakota State 
Archeological Com mission and the W, II. Over Museum^ under a 
cooperating agreement with the National Pavi^ Service, carried on 
excavations directed by Dr, Wesley R. Hurt at a location known tis 
the Swan Creek site. Three an d possibly four occupat ions were found 
there* Tho most recent of them ropres^its the historic period. Parfe 
of two fortification ditches with palisades^ earth lodgeSi and caches, 
and burials of two types were uneoverudh TlTie sites proved to be so 
important and so complex that Dr. Hurt and Ids party returned there 
PH June 15 and was continuing its excavations at the close of the fiscoJ 
year. 

In the Garrison Reservoir area at the beginning of the fiscal year 
a party from tlie Missouri Basin Project under G. Hubert Smitli and 
a group from the State Hiatorical Society of North Dakota kd by 
Alan R- Wool worth, operating under an agreement with the National 
Park Service, were contmaing their joint investigations at the sites 
of Forts Bcriliold I and n and tlie remains of the aborigliial village 
named Like-a-Fishhook. Fort Beithold n had been partially dug by 
Smith in 1^52 and parties from the State Historical Society of North 
Dakota bad carried on studies in the remains of the Indian village 
during three previous seauons. Toward the close of the 1D52 season 
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the North Dukota party found iiidicatiopa of tlio reaiaius of Fort 
Berthold 1 but had no opyortunity to study them. Bocausa of luck 
of funds nothing was done there In tlie sunuuer of 1W53. The plans 
for the IDoi season included the clearing of several features at Fort 
Bertliold II, eicavation of the remains of Fort Berthold I, and some 
additional digging in the aboriginal area. When the project was 
brought to a close on July 10 the romaina of tlie original Fort Berlhold 
trading jjost were fully exposed and the stockade which surrounded 
the original Indian village had been found and completely delined. 
The excuvations were greatly accelerated by the use of mechanical 
equipment. Fort Bertliold I was built and occupied from 1645 to 
1863 and the adjacent Fort Berihold II, which originally was called 
Atkinson, was occupied from about 1653 to IS&O by both fur tradeiu 
and American military forcoa. Like-a-Fishhook Village was sitU’ 
ated between the two trading posts and was built about 1845. It was 
occupied by groups of Manduii, llldatsa, and Arikara who had joined 
forces against the Sioux. Information obtained from the digging of 
the various features in the area has made possible the preparation of 
Uie Qist complete map showing tiie extant of the two posts and the 
village and Jias added considerable information portainiiig to the fur 
trade and other white and Indian contacts during the period involved. 
The entire area went imder water in the spring of 10S5. 

From Fort Barthold, Woolworth and the State Historical Society 
party moved farther upstream and excavated the remains of Kipp's 
Trading Post. The stockade wan outlined and the positions and 
extent of thu log buildings originally within the enclosura were do- 
termined. A repreaentativa coUection of objects choracterietlc of Lbe 
period was obtained. This supplemented and broadened the informa¬ 
tion from teat excavations made there by a River Basin Suiweya party 
in the fall of 1951. The site is of particular interest because it was 
occupied for a sliort Lime during tiie winter of 1826-37 when tlie 
period of organized trade on the Upper hlissouri was just getting 
under way and because Kipp's Post seemingly was the immediate 
predecessor of Fort Union which become the great trade capital for 
that part of the Pkina area. After completing the work at tlittt 
location, the party made some further investigations at Grandmother's 
Lodge, a site where some preliminary digging Lad been dona during 
a previous season. Grandmother's Lodge wng the traditional dwell¬ 
ing place of the Mandan or Hidatsa supernatural being who was 
considered to be the patronesa of gardens and crops. Investigation 
of tlio remains piovidcd data that can bo compared with the legendary 

story which is one of the important mytlis of the Indians in that 
district. 

Th™ detailed technical repork, all pertaining to excavations at 
sites in the Garrison Reservoir area in North Dakota, were completed 
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and ffubmitted for publication, Considerablp^ progre® ’waa mad^ in 
the preparation of the reports on the results of inrestigations in one 
reservoir area in South Dakota, a second reservoir area in Worth 
Dakotaf and two reservoir areas in Wyoming, In addition several 
short articles and papers were written and sent to technical journals. 
Two major manuscripts were printed end distributed and several 
short articles were published. 

During the year the reduced laboratory staff processed 46jG02 speci¬ 
mens from 51 sites in 4 reservoir areas- A total of %15^ catalog num¬ 
bers was assigned to tiie series of specimeua- The work in the labora¬ 
tory also included: reflesx copies of records, 7,423; photographic nega- 
tivea made, 6S5; photographic prints made, 787; photographic prints 
mpimted, 2,8M; manuscript prints mounted^ 85; transparencies 
mounted in glass, 302; drawings, tracings, and maps, 110; specimens 
drawn for illustrationj 81; pottery ve^ls r^ored, 2; pottery vessel 
sections restored, 32. Photographic activity was at a minimum be¬ 
cause the position of staff photographer left vacant by the death of 
the photograplier at the end of the preceding &eal year was not filled* 
llovvever, the photographic laboratory at the Sniitli£«?niaii Institution 
in Washington assisted by performing some of the required work* 
Drafting and specimen iUustrating wore also at a minimum because 
there were not safficient funds to replace the draftsman-illustrator who 
reigned In October* The Jaboratorj" staff devoted considerable time 
during the fiscal year to transferring analyzed rccorde and special 
materials to various permanent repositories. In accordance with the 
policy adopted at the start of the program, various collections and 
the data pertaining to them were sent to several State and local ageu- 
ries Hs well as to the United States National Mtiscum. 

Archeological specimens and records from the following were trans¬ 
ferred to the division of archeology, U+ S- National Ifusenm: Am¬ 
herst Eeaervoir, 12 sites; Baldhill Eeservoir, 11 sitea; Beaver City 
Reservoir, 4 sites; Box Butte Reservoir, 1 site; Boy sen Reservoir, 1 
site; RrcwHter Reservoir, 1 site; Broncho RoBervoir, fi sites; Buffalo 
Creek (renamed Bison) Eeserroir, 1 rite; Cusliing Ee^rvoir, 2 sitesj 
Devira Lake Reservoir, 3 sites; Dickinaon Reservoir, 3 sitas; Enders 
Reservoir, 6 sites; Erieson Reservoir, 5 rites; Fort Randall Reservoir, 
n rites; Garrison Rcffirvoir, llT sites; Heart Butte Roaeiwoir, 1 rite; 
Jamestoivn Reservoir, 1 site {human bone only) ; Medicine Creek 
Reservoir (Harry Strunk Lake), 24 sites; Medicine L^e Reser^'nir, 
5 rites; Mullen Ri^rvoir, 8 sites; Niobrara Basin (a series of 10 small 
reservoira), 44 sites; Oahe Reservoir, 8 sites; Red Willow Reserve^, 
0 rites; Rock Creek Beservoir, 1 rite; Sargent Canal, 4 ri^; 
Reservoir, 4 sites; sites not in I’eservoirs: Kansas, 1; Mi^oiirii 1 j on- 
tanftj 11; Nebrnskaj S. 
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Archeological specimens and records were tranaferred as follows: 
From 107 Tuttle Creek Eesen’oir sites to the Department of Jiconom- 
ics anti Sociology, Kan saa State College, From one site in the Keyhole 
Rcsen'oip to the Department of Economics and Sociologj’, University 
of "Wyoming. From one site in the Garrison Reservoir to the Depart¬ 
ment of AnUtropologj* and Sociology, Montana State Univeisitj. 
From 14 sites in the Big Sandy ReseiToir to the Department of An- 
Ihropology, University of Nebraska, From one site in the Garrison 
Itoservnir to the Nebraska Stats Historical Society. From 3 sites 
m the Garrison Reservoir to the North Dakota State Historical Soci¬ 
ety. YirtualJy all tiie material worth preservation from one of the 
sites, Fort Stevenson, went to Bismarck. 

Total number of sites from which archeological specimens were 
Iransfen'ed to other organizations in liscal 1955 : 434. 

Transfers of archeological specimens made prior to Sscnl 1955 and 
not previously reported: Department of Anthropology, University of 
Denver, a total of 10 sites representing Bonny, Cherry Creek, Narrows, 
and Wray reservoirs. Department of Anthropology, University of 
Nebraska, a total of 11 sites representing Harlan County Reservoir. 
Museum of Natural History, Universitj'' of Kansas, a total of 66 sites 
representing Cedar Bluff, Glen Elder, EanopDlia, Kir win. Love well, 
Norton, Pioneer, Webster, Wilson, and Wolf Creek reservoirs. Divi¬ 
sion of archeology, U. S. National Museum, a total of four attea repre¬ 
senting Harlan County end Tuttle Creek resorvolre. 

Total number of sites from which archeological specimetia were 
transferred prior to fiscal 1955 1 100, 

As of Juno 30, 1055, the Misaouri Basin Project had transferred to 
other agencies (lie archeological q>edmens from a total of 634 sitea. 
Of these, 513 rites were in 62 reserFoirs, Twenty-one rites were not in 
leservolTS, 

In addition to transfers of archeological specimens in site lota, the 
Missouri Basin Project had, just prior to fiscal 1955, transferred rep¬ 
resentative series of potsherds to the following agenda; Ceramics 
Reporitorjf University of Michigan; W. H, Over ilusemn, Univerrity 
of Sonth Dakota; Museum of Natural History, University of Kansas; 
Nebraska Slots Historical Society. 

Upper Republican sherds were transferred from Medicine Creek 
KeBorvoir sites 25Fn3, IT, 39, and TO, Sitea 39ST:4 and 30, in Oahe 
Reservoir, furnished sherds of the following wares: Anderson Fore¬ 
man, kfonree, and Stanley, 

All identified, nnworked shell in storage wos transferred to the 
University of Nebraska State Museum in November 1054. Except 
for specimens in the oomparatiye collection in tho Lincoln lahoretoiy, 
this transfer included nil siwcimens collected prior to 1954, Reser- 
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voir distrihution is as follows; Amherst., 2 sites; Angostura, 11 sites; 
Baldhlll, T sitea; Beaver City, 1 sits; Bisbj, 3 sites; Boy sen, 2 sites; 
Buffalo Creek, 1 site; Canyon Ferry, 7 sites; Cushing, 1 site; £dgS' 
mont, 1 site; Fort Bandail, 35 sites; Garrison, 13 sit<^j Glendo, 8 
sites; Glen Elder, 13 sites; Harlan County, 8 sites; Heart Butte, it 
sifcM; Kanopolis, G sites; Keyhole, 8 sites; Kirwin, 4 sites; Medicine 
Creek, 14 sited; Medicine lAike, 1 site; Moorliead, 1 site; Niobrara 
Basin, T sites; Oahe, 58 sites; Sbeyenne, 3 sites; Tiber, 5 sites; Tuttle 
Creek, 10 sites; Wilaou, 1 site; not in reservoirs, 3 wles. 

Total number of sites from which identiffed, unworked sliell was 
trutisfened: 238, of which 233 were in 20 reservoirs and 3 were not in 
reservoirs. 

As of June 30, 1955, the Missouri Dasbi Project had transferred 
the identified, unworked animal bone from 453 sites to the University 
of Nebraska State Museum. No such transfers were made during 
fiscal 1955. Keservoir distribution of previous transfers is ag foUows: 
Amherst, 1 site; Angostura, 34 sites; BaldUil), 2 sites; Big Sandy, 1 
site; Bi^by, 3 sites; Bonny, 1 site; Boysen, 12 sites; Canyon Faiiy, 4 
sites; Clark Canyon, 1 site; Dcs Lacs, 1 site; Devil’s Lake, I site; 
Dickinson, & sites; Edgemont, 0 sites; Enders, 1 site; Ericson, 1 site; 
FortEandaU, 85sites;Garrison, 60 sites; Gavins Point, 1 site; Glendo, 
14 ait®; Glen Elder, 4 sites; Harlan County, 8 sit®; Heart Butte, S 
sites; Jamestown, 7 sites; Kanopolis, 5 altos; Keyhole, 9 sites; KimTi n, 
4 altos; Kortes, 1 site; Medicine Creek, 13 sites; Medicine I^iko, 2 
sites; Moorhead, 6 sites; Mullen, 3 sites; Niobrara Basin, 10 sites; 
Norton, 1 site; Oolie, 93 sites; Oregon Basin, 9 sites; Rod Willow, 1 
site; Tiber, 22 sites; TutCa Creek, 1 site; Wilson, 4 sites; Yellowtail, 
3 sites; not in reservoirs, 12 sites. 

A special exhibit illustrating and explaining the Miffiouri Basin 
Salvage Program was prepared and installed at the Nebniska Stats 
Fair held at Lincoln during September. Considerable attention was 
shown the display by visitors, and numorous requests were recoivod 
for literature pertaining to the operations of the project and the re¬ 
sults obtained from the various excavations. Temporary interpre¬ 
tative displays were also installed from timo to time in the windows 
of the Laboratory in the business section of Lincoln* They attracted 
favorable attention and numerous passers-by dropped into the office 
to ask questions about different projects. Much local interest boa 
develops since tlie Salvage Progrum has been under wny. 

Paul L. Cooijer, archeologist, was in charge of the intensive tesUng 
party in the Fort Randall area from July 1 until Sept^ber 20. Dur¬ 
ing that timo he supervised the digging in 13 sites which were soon to 
go under water, ilr. Cooper returned to Lincoln on September 22 an 
during October and the early part of November devoted his time to the 


50 AXSfAL BKFORT £M1THS0«1AN INSTITUTION, 1&56 

Stud; of th» matorink obtained dating tUe suiiuner and analysis of 
tho informatiou contained in his lield note& Hs slso read proof on 
ids report, “The ArcUeological and Paleontological Salvage Progrem 
in theMissooi-i Dasin, 1950-61,” which appeared in April in theSnuth- 
sonian JliscellaTieoufl Collections, Tol- IS, So. 2. liecauBc of the short¬ 
age of funds and the necessity of curiiiiliDg tlio staff of tho Missouri 
Busin Project, ilr. Cooper’s employment was terminated November £0 
by a reduction-in-force action. 

Uarold A Huaelwr, assistant archeologist, was in charge of the 
party excavating at the Oldham site in the Port Baudall Reservoir area 
from July 1 to July £4. He returned to headquarters at Liucoln on 
July 27. During August, September, and the early part of October he 
devoted bia time to analyzing and studying the materials obtained 
during the field season and in oorrelatiiig his results with those of 
previous soasoits* w-ork at tlie site. Ho resigned from the Missouri 
Basin Project on October 16 to return to Columbia Uuivei'sity and 
continue bk work on an advanced degree. 

George Metcalf, formerly a member of the regular staff of the Mis¬ 
souri Basin Project but now a member of the division of archeology, 
U. S- National Museum, completed and turned in umanuscript,“Notes 
on Some Small Sites on and about Fort Berthold Indian Reservation, 
Garrison Reservoir, North Dakoto.” The data contained in the man¬ 
uscript were collected by Mr. Metcalf during several seaspus of field- 
work while a member of various River Basin Surveys parties. 

At the beginning of the fiscal year O. Hubert Smith, archeologist, 
was in charge of the Missouri Basin Project party which was cooper¬ 
ating w'ith the North Dakota Suita Historical Society party iu tile 
Garrison Pujaervoir where ejicavations at the sites of Fort Berthold I, 
Fort Bertliold n, and Like-a-Fishhook Village were being brought to 
completion, llie work was finished on July 10 and Mr. Smith pro¬ 
ceeded to Bismarck, N. Dak., where he devoted a week to the study of 
documentary rocorda in the archives of the State Historical Society. 
Materials there contain considerable information about both of tile 
forte as well as the Indian villuge and Mr. Smith deemed it adrisable 
to be familiar with the records bcceueo of the light they might throw 
on the evidence obtained by the digging, Mr. Smith wag on duty at 
the Lincoln lieadquarters from July 19,1954, to May 20,1955. From 
August 16 to August 31, during un absence of Robert L. Stephenson, 
he served as archeologist in cliurge. He again took over in the latter 
capacity from September 3, 1954, until May 20, 1950. While at the 
project headquarters Mr. Smith revised and completed the draft of hie 
report on eicnvatioua at the site of Fort Berthold II, made largely in 
1962 and completed in 1954, and in collaboration with Alan H. Wool- 
worth of tho North Dakota State Historical Society prepared a pro- 
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limmAry report of the mvestigationa at the site of Fort Betthold L 
Throughout the fell and winter montlis Mr. Smith talked about aalvage 
archeology before numerouB groups in Lincoln- lla reiwrted on the 
current work of the Baain Project at the iSth Ploms Confer¬ 

ence for Archeology which was lield at Lincoln in KoTeraber. He al^o 
presented a paper at the May meeting of the NebmUca Academy of 
Sciencesp At the request of the Indiati ClaimB Section, Lands Divi- 
sioHi Department of Justice, Mr. Smith was detaLled to that orgsniffl- 
tion on May 20 to assist in gatlicring data for an Indian land^laims 
case. He completed that assignment on June 30. A paper by 
Mr. Smith, **ExcaTations at Fort Stevenson, ” was publL^hed in 
Xorth Dakota History for July 19-54. 

Robert L. Stephenson, chief of the Mi^nri Basin Project, was at 
the headquarters in Lincoln on July 1. Shortly thereafter he loft on 
a tour of inapection of the field parties working in the Missouri Basin. 
He accompanied Dr. John M, Corbett and Paul Beanbien of the 5fa- 
tioual Park Service, Tho party visited the excavations at the Old- 
iiam and Crow Creek sites and the several sites under investigation by 
Paul L. Cooper* It also went to the Swan Creek SFite in the Oahe 
Reservoir area. After his return to Lincoln, Mn Stephenson, in addi¬ 
tion to directing the operations of the project^ continued work on sev¬ 
eral teehnicjil reports. Mr, Stephenson left the field headquarters at 
Lincoln on September 3 and proceeded to Ann Arbor, Mich. He wa^ 
pti I lin leave status at the end of the year. 

Richard P. Wheeler, archeologistT returned to th© Lincoln licad- 
quarters on July 1 from Jamestown, N* Dak., where he had been con¬ 
ducting excavations and maldng surveys in the Jamestown Reservoir 
b&siD. Wheeler femained in the office tltroughout the fiscal year. He 
devoted his time to th© prepamtion of reports on the resulta of his 
oxcavatione in previous yeara in th© Angostura Reservoir area^ South 
Dakota, the Boy sen and Keyhole Reservoir areas in Wyoming, and 
on th© Hintz site in tho Jame^owu Reservoir area. North Dakota. He 
also prepared several short articles on specific artifact problems and 
wrote several reviews for professional journals- His paper, “A Check 
List of Middle Missouri Pottciy^ Wares, Types, and Subtypes ” was 
publislied in the Plains Anthropologist, No. % December 1954. In 
Kovember Wheeler served as chairmfin of a symposium on the arche¬ 
ology of th© western plains at the I2th Plains Confei^nce for Arche¬ 
ology and read a paper summarizing tho reST.iIts of his invest!gatious 
in the Jamestown Reservoir area m lPf>4. In April he served ns 
man of the anthroi>ology section at the 65th Annnal Meeting o o 
Nebraska Academy of lienees held at the University^ of Nebraska. 
At that time h© niso read a preliminary^ statement relating to a ^i^dy 
of aboriginal dwellings and settlement in tlie Northern Plains- 
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DuriDg the period prheji Mr. Smith was absent from the office, Mr, 
IVliceler performed such duties of the archeologist iix charge as were 
required- At the end of the fiscal year he was preparing to take a 
field party to tlie Ouhe Dam area in South Dakota whore excavations 
were planned for two sitoa. 

Cooperating/ instittitions ,—number of State and local institutions 
continued to cooperate in the Inter-Agency Salvage Program through¬ 
out the year. Some of the State groups worked independently but 
eorrolated their activities closely with the over-all program. A ma¬ 
jority of the projects, however, were under agreements between the 
National Perk Service and the various organiaations. The Historical 
Society of Indiana continued making surveys of proposed reservoir 
areas as part of its general program for archeological studies in that 
State and made reports on the results of its work, The Ohio State 
Archeological and Historical Society carried on salvage operations in 
several localities. In a number of cases the sites involved ticro not 
in reservoir areas but tlie need for the recovery of materials was just as 
great as though they were ultimately to go under water. The Archeo¬ 
logical Survey Association of Southern California continued its volun¬ 
tary recovery of materials at several projects in the San Diego area, 
and tlio University of California Archeological Survey included sev¬ 
eral proposed reservoir areas in its general survey pungram. 

A number of institutions worked under agreements with the Na¬ 
tional Park Service, Tlie University of California Archeological 
Survey had a party under Dr. Adan E. Treganza, research associate, 
excavating in sites in the Bcrrycssa Valley in the MonticcHo Res¬ 
ervoir barin in Napa County. California. Tlie area is an important 
one for linking known Indian groups with specific types of prehis¬ 
toric remains and the California party obtaiued valuable information. 
In the Columbia Basin a party from the UniTmity of Oregon, under 
the direction of Dr. L. S. Cressman, escavatwl several sites on the 
Oregon side of the river at The Dalles. At that locality there is a 
record of long occupation extending possibly from the closing days 
of the last glacial period to historic times. Dr. Cressman and liis 
a-ssociates collected valuablo data and interesting specimens in the 
course of their digging. On the Washington side of the Columbia 
River, above Tin* Dulles, a party from the Uni versify of Washington 
under Warren Caldwell fiicovatcd at tho Wskemap Mound, an im¬ 
portant site in the area because of its depth and stratified det>osits. 
Parties from the University of .Missouri, under tlie direction of Curl 
IT. Chapman, excavated at a number of sites in tlie Table Rock Res¬ 
ervoir area, on the Wliito River in MissoiiiL They investigated five 
open village locations and one cave. At one site evidences were found 
for tlireo different Indimi occupatioiis. Several ciiltiirit] complexes 
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were reprc^eiited in th^ mutj&riiXlB recovered bj die excavations. The 
Table Bock area- h important because of the large number of sites 
occurring there mid the variety of cultures represented. It is the 
only area remaining in which extensive remains o! the Ozmk Bluff 
Dwellers are still to be found. Si)ecial funds were appropriated for 
iiscal 1956 for the Table Hock area and the DnivotsUy of Missouri 
will continue its operations there thioughout the year. Mention has 
already been made of the work of the cooperating institutions in the 
Missouri Basin. The Itiver Basin Surveys aided the held activities 
of those groups by tho loan of vehicles and other equipment and in 
one instance by making a survey of tho site mid preparing a detailed 
map locating the numerous features involved. One otlier project 
in the Missouri Basin consisted of a basiti-wide survey of arcbeologi' 
cal reeonroes by Dr. Jesse D. Jennings of the Univei'sity of Utah. 
That also was a cooper a tive agreement with tlia National Park Service 
and while it was not strictly a salvage undertaking, various phases 
of the survey had a direct bearing on the problems of salvage 
archeology. 

ARCHIVES 

The Bureau archives continued during the year under the custody 
of Mrs. Margaret C* Blaker. 

UAN^USdUPT COIJ1XCTIO«S 

There has been increasing utUizatiou of the manuscript collecttons 
of the Bureau during the year by students through personal vmiti, 
moil inquiry, and the purchase of photoreproductions. Approii- 
mutely 225 uianuscripts were used by researdi workers as compared 
with 150 last year. Tisitors frequently express surprise as well as 
considerable satisfaction at having located Uttle»-knowii, unpublislied 
sources. Publication of at least a skeleton cat alog of the col lection is 
being considered* 

Additions to the manuscript collection included the personal papers 
of Alice Cunninghain Fletcher and hor adopted son, Francis La 
Flegche, an Omaha Indian, which w^ere deposited with tho Bureau 
by Mrs. G. David Peorlman, Washington, D. C-t oa indcfuiite Joan- 
Preliminary examination indicates that the ooUoction contains little 
unpublished ethnographic data; Its principal intorcpt m biographical 
and historicuL 

Dr. Frances Demmore made several additions to her personal 
papers which are in the Bureauj the moBt substantial being her dioncB 
for 1890 and 1605«3^. 

The following short manuscripts were received in the past, year: 
4rOT. Ljfanl, Carrie A. *^Dcllft of tbe Ani^rlcoD ijidiJma-" S. d fc«, ISaS). 40 
pp*. 40-50 Ulufl. D^jwEited by Harry LyfonJi broker of tbe aulbor* 

WasliLi]|;tDn. GL 
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4425. WLltaV^i C- H. a. Cocl£uI+ Colfin, Pauiii£i*J. '"A Ueport on Uie 
Cuetows ol tbe Sun BiflB indium ' 36 pp.. <53 iJicptograplia, 

1 mnp. Fomurded bj tihe If- S- Dep^lrtm&nt &f Steita. 

442A WUtJiDftp Joba. "DflkotA ll> -Border and Bos' Pnlnled Btuon Kobci." 

2 jipLp 1 iUun. Forwarded by ih& aiilhar+ 

A uTimber of manuscripts received in pFevioua years but heretofore 
iincataloged were tirratigedf described, and made available for ref¬ 
erence, Cueing the backlog of such material by about one-tliird- 
In this group were the papers acctm^nlated by Dr, John H- Swanton 
while acting as chairman of the United States De Soto Expedition 
Commission I These papers contain an extensive series of 

photocopies of documents in Spiinish arduvea- 
Other mujiuscriptB cataloged and now available for general ref¬ 
erence are as foUowa; 

4430. AnoDyniDim Dmwlu^E of Upls and rotneB obtalj^d l>r Geurffff MUlsr 
Irom an OitioJia ladUn. N- d S AimoUkted by O- Doraey- 
4-^2^ AuonyUQoua Draw^Uigs by Indljimi of tbe Soutlirra rimUiL Ca, ISSD. 
In two lidi^cr books of 104 uimibertfd oueb. WU]i one-page letter 

of traasuilttal from WUUani £L MyiT, WusIlLEgEon, D. C,t June Zt 

4442. Bonsorlea^ Blreu^ ^'Folkdore In Soioo I^gna^ee of Nortbem iDdla.*^ 

Addri^so to Anthrgpcilcgk-ul Society of WakbltLfltOQ, February^ 1033. 
IS pp. 

44210, Caprunp *Tlie Iluntljng naiii:?e of tbo Cow Creek SemSaolcs, Octo¬ 
ber 11 pii.. 8 Uiua. 

4444, Carter^ John O. (recordef), *"Plctnro Writing of tbe North Amerk'Wn 

ltiil3aim TrauBlated by Elcbflrd SanderTlIle, Chief Bull* a luember of 
the ElaekCeet tribe of Indiana ut Mootaiui, at the Bureau of Anierleai) 
Ethnology , * * June 13 to Jane l8p WZ4, from iD:uiterJal furnJahed 
by tbo BureaiL" 27 pp.p Q JJlUft* 

4445. CartoTp John G, ^^Stntement of Hubert Friday of Fort WflAhafclOp Wyomlngp 

jnember of Ardpho tiibttl council, coneerning hla graudfuthert Frlday^'^ 
Wu^btUKtoUp D. 1U38L 3 ppL, typed. 

4443, CUfterp John C. '^Stiiteuienta by Gilbert Pay, a Bboehono Indlau of 

Fort WaahakiD iu regard to the Peyote Cbnrch among the Sboahoue 
IndlELiiB.'' Woi^hiugton, D. O,^ 103S. 22 ppi 
4447. Carter, John G. *'Meinoraniiutn on the Proper of the Word 

'iSiackfoot^ or 'BJacltfeeC ub Applied to the Slksikap Kolnab and Flkunl, 
or lil&ckfaot. Blood, and Tribes.'^ N. d. 3 pp. 

4418. Cartcfp John Q. Suokep Ob-muek-Bee SEn-a-kwan^ or UiniJ Voice. 

nifio Collod ntaek Umko Man, a Fle«an Indian Chief.” K. d. 15 ppu 
445E CleTeland. A G. ^Tlie Sun Blaa Coqtt-'* N, C TT pp. Also MtficeUaneoua 
ItuDQB rclaiing to the Cunu and Tula Indlane. IncJudiiig a notcbooll of 
plelnre writing and S pp, of Interpremtiona. 

4438^ Clifford. Capt- Walter, Indian Campaign of laid.” CbaptQiu 

written for tto Roeku Mountain Hutbandmm. N, d. About K> nti,, 
onarraneed, 

-. "Notes at Bandom*** Jonrnnl, Oct A ISTb^Nor. 4 i^. 

Copy, IS pp_ * * 

4433. Guoo. Jfdtt Andre, Mohawk-Freneb Dictionary. N d. 1 toL on 
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4436. Feiitoi^ WlUliiiD NeJfioii, PAfiefi accttmtilated while acting as rtpraficnti' 
ttv« ct the Smllh^tilaa Institution on the Fellej D<mnJ of the Nfi-tlooil 
Indian Institute^ Abont iO 

442Q. Glrieiuc^ Louli "Sketch of ihe Majo aod Ya^tuI IndianSp who arc helping 
to dght Carran^n.^ Nggales, AjIz ^ilc)^ 11>20^ b pp, 

4463. Harrington, John P, Indian Plaee ^amee of Ihid. S 

boxes, o^nteots ItemUcd in catalog. 

4423. Genealogical Chart b>^ Hewitt showing h\B anceatorj. 3 nverslKe sheets 
44rid. (Lee, Dale?), Fltdd plana and profiles of Mdrpb^ ^(DUQd+ NonJi CarollDL 
N, d. (W, p. A, period.) MtsceLLaneona oremlze sheets in 1 rolU 
4435. I^ewconab, Franc J- ^Navaho CeremoaEoB.'' Obsorvatloaa made on E^nTnho 
XteaervatLon, XeWcomb, R Altut^ lS3S^. Abont 80 pp., with mapsliota 
drawings, aod botaoleal samples. 

444L (Schoolcraft, Henrj Kowe7). "The Age of Science: A Satire in T«» 
f^nmbera." Vcrseg to Washington Irtlng^ Georso Enneroft, B. BuGer. 
John Torraj, Frederick Hall:, Dr, Skinner, Charles F. Boffjnan, Jolui A 
DIx, Henry Inman^ and Lewis Casa. 1S40. About 42 ppi 
443t. Snider, G. L. "A Maker a£ Shaelngo.’^ MohnlicrEpt based on iDformatlan 
from Edward Fcrten known to the ladlaDs a£ Standing Rock Agency ■! 
Chad CbiheiMi (A Maker of ShsTlngs), formerly Flr^ Sgt., Troop “D," 
tth Ga?alry» and said to be the Last white man who talked with Sltlli^ 
EdB. With mlKcUansona nolea, Incladlng d^paga stalemeot by Sgt 
Forte, 12-paga letter from Forte to Frank Flske, OcL 21, 1032; and i 
photographa 

4432. Edrllng^ fliaithew W+ Flold notes on arcbeologlcal work In the TlcltiJE? 
of Mobrldgo, 3, Bak., ie23, with oitracts from Tarlous ftonrcr* 
360-206 pik 

4430. SwantoD, John IL ''The Pal Cdpucltleo.^ DJacasslon of eitrosensorr 

perception. Ca 1950. 94 pp, 

4443. Tanher, Churlea. "Entzllferimg der Oaterlnsel-Hleroeljphen." 30 pp 
(In Germam) 

4434. Taylor, Dou^lnB, "Note® on the Carlh of Dominica.'’ Text notes, on- 
thropcoietcic dato^ pholographSt drawings^ and correspoinleace recdTed 
I93S-40, 

4440. Ve^^^Il^ John, "Results of Preliminary Snrrey of the Archoology and 
Ethnology of the Atrato Valley of Colombia, Sontli Apierlca.^* 2T ppl 
G unn glimary, 8 pp. Glossary with ctbnograpMc notes, tribe nnlden' 
ded^ II pp. 5 mnp^. Ahant 59 aiuipsbots of Cuoa and Choco Indlnnii 
with 8 pp. of captEona and backgraund iiLfunuatton. N, d. Recetred 
1033. 

4431. Woodbury, George. "Preliminary Retiort on ETrearation of Mortuory 

Mounds In Brevard County, Florida East Coast^ Art-beolDgIraL Report 
of eWA Project 5-F-TO. D«. IS^ iSW^Feh. 15, 1034. 12 pp, 11 mupA 
about 200 photo^apbs (mainly uncaptlouedL 

Additional progress woa made in the amplificatiou of the catalog 
by preparing new and detailed descriptions of manuscripts that had 
been only briefly listed in the original catalog many years ago. The 
usefulness of the catalog has becti increased by cross-rofesrencing the 
additional subjects. 

A number of nonmaniiscript items, which had previously been 
housed in the archives, were transferred to more suitable repositories. 
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Ajjioog these were was cylinder recordings of Indian songia, which 
were ti'nnsferred, to the Bureau’s record deposit in the music ^Tision 
of the Library of Congre®. Ten cyliudeis contained Hopi songs 
recorded about 1900 and bore descriptive labels largely unintelligibla 
escept to a spedalist in the Hopi luiiguageL Dr. Frederick Dock- 
stader, a Hopi specialist, a^sted in the interpretation of these labels 
before the recordings were sent to the Library. 

A collection of mounted plant specimens unrelated to othnological 
studies collected by Dr. A. E. Jenks early in his professional career 
Were trunsferred to tlie University of hfiimesota, with which Dr. Jenks 
was long associated. 

FHPTCCIlilPEUC COLLECTIOIfS 


Ihiblic interest in tlie photographic collections continues to grow. 
Additions to tlie photographic collection included an album of photo- 
gittphs relating principally to Indians made by William S. SouW in 
tlie vicinity of Fort Dodge, Kans., Camp Supply, Okie,, and 
Fort Sill, Okla,, in 1807-7A Although numerous examples of the 
fine work of Udfl frontier photographer have long been in tlie Bureau, 
and have apiieured in Bureau publicatious, the new volume is notablo 
in that It belonged to the photographer and contains captions written 
by him. It also contains a number of prints not previously received, 
including a likeness of Souli himself. The photographs were pre^ 
sented by S^Iiss Lucia A. SoulS of Boston, the daughter of the photog¬ 
rapher. 

A group of 32 negatives made on the Madeira, Tapajoz, and Xingu 
Hivers, Brazil, in 1911-12, were presented by the photographer, 
Francisco von Tcuber, engineer. They include views of the country 
and the Indians of the region. 

Copy negatives were made for the Bureau files of a number of 
photographs from the personal collection of t!io late A. K. Fisher, 
well-known naturalist. The photogmplis were lent by Dr. Fisher's 
daughter-in-law, h£is. Walter K. Fislier, of Pacific Grove, Calif., 
before she donated Dr. Fisher’s personal papers, inclriding photc^ 
graphs, to the Manustript Div'ision of the Library of Coiigresa. 

Photographs copied include views of TIingit and Haida villagca on 
the Alaskan coast and of habitations at Plover Bay, Siberia all made 
on tlio Harriman Expedition to Alaska in 1399. A few photoerantis 
of Hawaiians niado by H. W. Henshaw about 11)00 and a series of 
photos made and collected by E. W. Nelson in Mexico in 1902 were 


A group of commercial portraits of Indians, collected by Gen. E R. 
Keilo^ while m co^and at Fort Washakie, Wyo„ about 1891 was 
donated by his daughter, Mrs. Robert Newbegin, of Toledo, OWo 
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Two intportont sots of pliotographs wcro obtsinsd for rsfoioiice 
purposes from other institutions (whicii rotnin the ncgatiTes end the 
right to grant publication permission). Tlie first ia a set of 86 
photographs of paintings of Indians by Paul Kano and a microfilm 
copy of Kane s sketchbook, made on liis trip across the continent to 
the Pacific htorthwest in 1845-^8. The photographs TFere purchased 
from the Eoj'al Ontario Museum of Archaeology, Toronto, which 
owns the original paintings. The second reference collection con¬ 
sists of approximately 400 copy prijits of photographs relating to the 
Indians of the Plains made by Stanley .T. Morrow in the ISTO's and 
1880’a, The prints wore received from the W. H. Over Museum of the 
University of South Dakota, through the River Basio Surveys. 

In addition to photographs recently received from sources outside 
the Bureau, h collection of some 1,000 photographic prints made in 
the years 1880-1805 and representing about 130 Indian tribes was 
transferred from the photognxphic laboratory. A number of re¬ 
searchers have benefited this year from the newly available material, 
and copy negatives are being made as required. 

Another project making a va liable additional photographic re¬ 
sources in the Bureau was begun in the past year. It was found that 
a niuuber of ^former staff members and collaborators had deposited 
rntl^r exteusiye series of snapshot and other small negatives. Most 

0 these were in lubeted jackets, now deteriorating, and were without 
prints. 

Prints were requigitioned for some S 60 of James Mooneys negatives 
of Arapaho, Kiowa, Comanche, Ifnvaho, and Cherokeo; by the end 
of the year about half of these had been sorted and arranged with 
proper identification, and jdaced in protectire vinylfiliu albums. It 
IS hoped that in time simitar groups of photographs bv M. C. Steven- 
W. J. itcGec, W, IT. Holmes, F. W. Hodge, A. E. Jenks, .1. O. 
Dorseyj and others ma j bo processed In the same way, 

aLUSTRATJONS 

Tliroughout the year work was continued by E. G. Schumacher, 
illustrator, on drawings, charts, maps, diagrams^ and sundry other 
illustrative tasks concerning the publications and work of the Bureau 
of American Ethnology, including the River Basin Surveys. He bLto 
made a variety of drawings for other branches of the Institution. 

EDlTORI.\L WORK AMP FUBLICATIOMS 
There were issued 1 Annual Report and 4 Bulletins, as follows: 

Sevpaty-Brst Annonl Report of Hie Bnronu of Aioeiicaii IKiinn'tns^, lOtKHO&i. 
114-17 pp. ItWK. 
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Biil1«tfa 1I5T* Ajitiiropol<lElcAl PAp&rB* Nos, 43-48^ 111+415 pl&., 2^ fiKS* 

Na 45. Stone moniiiiaenta oI tbe UJo Cblrtnltoi, Tef&cfMi Mes^cOh Dj' 
Alattbcw Wp StirUnff. 

Ni>, *1. The Cerro de Ina Alejma offering of Jade and other loaterUI^ W 
Philip DriJdcef* 

No. 45r Archeological innteiihla from tbe Tldnlty at Mobtldge, Bonth Da- 
kotm, by ^aldo R. WedeL 

No* 46. The orijdiial Stmchey Tocabtilarr Vtrfiliila iDdion hLogaiige, 

by John P, Harrington. 

No. 47. The Sun Dance of the Northern Uie* by J, A. Jnnia. 

No. 48. Sotne nnmtfesrtaliona of water In Mesoatnorlcim art. Sohert L. 
Nnadn. 

Bulletin 15S. HIver Baeln SnrveyB Paper No. T. ArcheolOKlcnl tavcstlgation* 
In the Oahe Dam area. Sooth Dakola, ISSSO-GI, by Donald J. Iiebnier, li+lSO 
pp,^ 22 ptA, Gfl flgis., 6 mapa. 1064 

Bnlleiln 150. The horse In Blnebfoot Indian culture, wltb compamtive mate¬ 
rial (rom other western tribes^ by Juba O. Ewers, it+ 374 17 plfl-p 33 

fliis., \m- ^ 

Bnllettn IGO. A cernintc study of Vtrflnln nrcheology, by Clifford ETona. With 
an appendli: An analysis of proJectUe points and lar®e bladfia. hj C. G- Boh 
laii4 TiU+lOd pj*,. 30 pla., 23 Dgs,, I chnrt. 1065* 

Tbe following publications were in press at the dose of the fiscal 
yearr 

Bulletin Idl. Seminole rauirfc^ by Fraticei IXmamore. 

Bnlletlo 162. Goayml grnmmarf by Ephraim 3- Alpbon&e. 

Eulleiln 163. The Dlnd: Origin mytha of the Navahu rntlians, by Allecn 

O'Bryan. 

Publications distributed totaled 24,533 m compared with 21^222 for 
the fiscal year 

COLLECTIONS 

AKr Jfft. 

202531. ArcliePlogl™l mntrrrlala conalstlne of pcjlabardfl t^olleeled by Dr. MBithew 
Silrhog on Tebogullla tslnDd In 1^53. 

2037^ InaeelSi 0^ mnmtaals, si^d IS marine la vertebra tea from Sonlhampton 
And Coala Inlands eoUected by National Geograpblc Society^ National 
Alui^euta of Canada, and SuUthsoniaa Inatltution Eipeditlon, 1954, 
by Dr- Henry B. Collln«. 

20i57L as5 plan la coHected by James Mooney at Cherokee BcacmUlan, -QualLai 
N, C., In 1583, 

2059T8- ModelB of hprnldry, peyote nnd name ^ulpment, enUected by Jam^s 
&1oon«y nniong the Elowa Indiana. 

206446. 1 badger from New Mexico. 

raqii aivut sasih suavivs 

202135. Arcbrolnglcal material fratn the AlUtonno Reservoir area ms the Etowah 
RJfer, Cberukee, Bartow, ami Cobh Ooimflc^ Ga. 

£02353- 327 BpeelmecL^ of ftrcheoln^cfll mntcrlol «?iis!Htlng of pataherdd, coppoTp 
atone, brKne, and ebcU obJeetHp Emm 3 sites in TnttJe Creek Roaerrolr, 
Pottawnlomie County,, Kans., collected by lliisaoTirL Baslts Project 
Held parties tn 1052-53. 
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202S32. 120 ATebeoIoeTciLL v|>«lmciia from Blire ES-WS-S, DalleA Reflerrolr «□ 
OoJuintila Riter, Waseo County, OrefS. 

Arctitfo3o>,^cfll niuterEaLa from the Conamaoiih Reserroirp PrunflylTAnlB, 
Bcatt^iod filter Im Maraball find \Velz«l CouutleB;, W. Yb.^ and Cdcatfamu 
And OM Bickory Heserralrfi^ l^eniL^ collected by S. SolAchi, 

1650 and lim. 

2030^. AncbAoSogicaJ materin] from 2 aitAA 1* Cacliimui Eesarrolr arena on Hnntis, 
Tq^ HlvCTp Santa Barbara County, Calif. 

2/^4^ Ardioidoclfal material in and about BroachO Ri^fiervoir, Mercer County | 
Dickenson Reservoir Area, Stork Courity: Kodiler alie, Heart Butte 
ReBervoIri Grant Connty. all In Nortb Dakotfl. 

20H3T. 21,(M6 arcbeologtcai ai^tmena from 2 i^es In Oahe Eeaervotr, Stanley 
County, B- Dak, 

203438* Arcbcoloi^eal material from sites in and atastit Garriaon Re^tervolr, in 
Dimfi, ^lercer^ MeLcoa, MonntraEl, end Will Ian jj CniiDtles, N. Hal. 

20^2^ T2T arcbealo^eal fipecimena from AUatootm Beservolr area, Cherokee 
Goiiatyp Go, 

206347. Si048 arcboolo^cal apeclmeoa from Montana, collected by fbe Mlaaourl 
Basin ProJecL 


^nSCELLANEOUS 

Dr. Fruncfla Densmore, Dr. JoliB R. Swaiito 3 ftj Dr. Ajitoiiio J. 
Waring^ Jr.^ and Ealpli S. Solecki txmtinued as collaborators of the 
Bureau of Amencaa Ethnology. Dr. John P, Hatringtou is continu¬ 
ing his researches with the Bureau as research associate. On April 12, 
1955, Sister il. Inez Hilger^ an ethnologist and a teacher nt the Sdiool 
of K^ursing, Saint Cloud Hospital Saint Cloud, ^finn., was appointed 
an honorary research associate of tJie Smithsonian Institution^ 
Information was furnished during tJie past year by inernbers of the 
Bureau stall in reply to numerous inquiries concerning the AmcricaD 
Indians, past and present, of both continents- The increased number 
of requests from teachers, particularly from primary and seoondaty 
grades^ from Scout organizations, and from the gcncnil public, iudi- 
cates a eontinuonsly growing interest in the American Indian. Vari- 
oua Bpeciiuens sent to tha Bureau were identified and data on them 
furnished for their o^^Tiere* 

Respectfully submitted« 

M. W. SnEi^Dfo, Director* 

Dr. Leonard CAHincHAEti, 

Secretary^ Smiths&ma^ In$tilu£io7L 


Report ou the Astropbysical Observatory 

Sib : I have die honor to submit tho following report oil the opera¬ 
tions of the Asitrophjsica] Observatory for the Jifical year ended 
June SO, 19&5; 

The Astroplijsical Observatory includes two research divisioiiB: the 
Division of Astrophysical Research, for the study of eolur radiation, 
and the Division of llfuliation and Organisms, for investigations 
dealing with radiation as it bears directly or indirectly upon bio¬ 
logical problems. Three shops, for metalwork, for woodwork, and 
for optical and electronic work, are maintained iu Washington to 
prepare special equipment for both divisions. 

On November 20,1994,1 reacbed the mandatory age for retii'ement. 
No sticcessor having been chosen at that time, however, I was asked 
to continue in oOico pending tlie installation of a new director. Dr. 
Fred L; Whipple, pi'ofessor of astronomy at Harvard University, will 
become Director of the Astropbysical Observatory effective July 1, 
1955. At Dr. Whipple's request, A, G. Froiland, director of the 
Table Mountain station, was transferred to Waslungton to act as 
liaison ofliceir. 

DIVISION OF ASTItOPHYSlCAL EtESEARCB 

During the tiscal year XD55 the two high-altitude observing sta¬ 
tions, Silonte^uma in northern Chile and Table Mountain in southern 
California, remained in ooiitinuous operation. 

Work fft The cooperative work with the U, S. 

Weather Bureau, mentioned in Ifist year's report, was ooutinued. This 
concerned the calibration of Eppley pyrheliometei's and the simplih- 
cation and automatic recording of silver-disk pyrheliometiy. The 
progress of this work is summarized in two papers by T. H. MacDonald 
and Nomum ii. Foster, published hi the Montltly Weather Redew for 
August 195-1 and February 1955. 

The loss of Willimn H. Hoover, whose sudden death in September 
1953 was recorded iti lost vhit’s report, has continued to delay not 
only tlia preparation and testing of improved equipment but also the 
statifitical studies of field observations normally carried on in Wosiv 
ington. No one has been appointed to succeed hfr. Hoover since it 
was felt that the new director should choose his own staff. 

OrdetB were received during the year from interested institutions 
and laboratories for three silver-disk p3TheIiotueters and five modi¬ 
fied Angstrom pyrheliometers. Preparation and calibration of these 
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instmmerLts are nearly oompleted. In addition^ aLlTer-disk SI#69 
was repair&d^ recalibrated^ and returned to the SerFJcio lfeteorol6gico 
Xational) Buenos AireSj Argentiafti and modified AngstrSm ST#12 
wag built| calibrated, and forwarded in March 1955 to the Meteorolo- 
gisches Obseiwatorinm, Hamburg, Germany. Silrer'disk Sr#53 
was received in ITaroh 1955 from the University of Miinstcr in dam¬ 
aged condition, Repiiira and recnlibrations ai'e in progrtss. In May 
1955| modified Angstrom SI#13 was lent to Di^s. P. JL Gast and 
Ralph Stair for tenii>orary nge on Sacramento Peak^ N. Mex, 

TFort in the feld .—Tlie quality of the skies at our two field observ¬ 
ing stations during the ciuTent year proved inferior to the average of 
provioua years. At MonteF.unm, our high-altitude station in north¬ 
ern Chile, the sky pollution due to the smelting o^wmtions at nearby 
copper mines, mentioned in last yearns report, continued unabated, 
A study of the average quality of the aky before and after starting tlie 
smeltem fin March 1953) showg the magnitude of the pollution* A 
aummaty by montlig, covering the period 1940-^3, shows that in each 
of the 13 months, the direct solar beam (at solar jiltitude of 30®) has 
been reduced between 1 and T percent gince the welters started. The 
aky brightness aroiind the sun on the same days increased between 1.3- 
and 2.6-fold after the smelters started, A summary of long-method 
obsen'Ationa during the same period indicate^t tlmt the direct solar 
beam after the smelters started dccren^ed some 3 to 6 percent and the 
sty brightness tnercaged 1,6- to S.S fold. The atmospheric trans¬ 
mission coefBcients show the following change at the wni^Iengtljs 
indicated: 

WflTetpngtli O.S3>^, n decrease of 2 ta T.5 pf^rcenr. 

WaTolengtJi 0.61^, n flecreaBo of 1,5 to 4.5 perwun 

Waveleu^li D.0T|ip a decree sa of 1 to 2 pereeat. 

As fL result of the vfliriable daily output of gas and smoke from the 
smelteTSj MontezumA skies are aow definitely less uni form than 
formerly. 

At Table Mountain we liave noted for some years a gradtial increase 
in the amount of smo^ frorn the T.os Angeles area, wliich rises at in¬ 
tervals above the level of Table Mountain. As civilization expands 
it becomes increasingly dilEcult to find hiph-altittidc locations that 
combine clearness, dryness, and uniformity of skies wltl) accessibility 
and bearable living conditions. 

Pu&JicatioTie .—^During ttie ctirrent year the following publications 
concerned with, the ivork of the Division of Astrophyaical Research 
appeared: 

AnDBta of thift Astrcpbratcol tMjisrvatorf, volimi* 7, tJuly 7], 1954. 

Pythelinnieler eillhratJoe pj-oxrfiin of the U. S. Wuntlief Butvao, by T. JL alac- 

Bcaald and Norniao E. Foster, Montb. Weotber Bev,, voL 82 . No. S, Aiifiwt 

im. 
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A method fot thE mcamTcment of otmoapherlc owmc uiHiig the absoniUoti of 
' o»>uo In the Tlslble specriritm, by Ollror H. Wulf ond James E, ZlmmenuaiL 
SmlthsOutBD Mlac. CdU »«>l. 123, No. 3. Ortober 21.1SK>4. 

ConcEirnlDg Siuitbsoaian pyrbellomstTy. by C. fl. Abbot. Ij, B- Aldricb, Rnd A. 

PrtdtaniL Smltbaotilon Mlw, Coll., vol. 123. No. 6. NortmbeT 2, 11^ 
SllYeTHlIeh pyrhellomelrr Blmpllfled, bj Konnao B. FoHter Bod T. H. HacDomald. 

Month. Weather Ree., toI. S3, No. 2. February 195S. 

Wnshiogton, D. G., precipitation of 1054 and lOSSi by C. O. AbboL Smithsonian 
Mlsc. Coll., vol. liS, No, 3, March 1,1S55. 

Stxty-yeAr wwiiber forecnals, by C. G. Abbot. Smltbsonlas Misc. CoU., toI. 123, 
No. 3, April 39, 1255. 

Perl od Ic sola r vo rlatloin, by C. 0. Abbot Smltlisontaii Mlac- Coll., fol. 123, No, A 
Jane 14, 

dimsion of radiation and organisms 

(rn9M«4 ir a. h WITBKO’W, CUot •! it* DlrUnn ) 

Tlie work of the Divisioit of Radiation and Organisma was con* 
corned with three general areas of biological research during the year: 
(1) the photocontrol ol the formative and developmental processes in 
plant growth; ^2) the inhibition and potentiation of X*ray diimage by 
red and far*red visible and near infrared energy; and {3) the mecha¬ 
nism of action of the plant hormone, auiin, in the control of growtli- 
I,—Sunlight exercises its effect on plants chieflj through two groups 
of photochemical or light reactioos. The first is a high-energy process 
and provides the plant’s food supply, converting the energy of sunlight 
into dicmical energy through the synthesis of simple carbon com¬ 
pounds. The second group, which is one of the areas of the Division's 
research, involves the photocontrol of tile formative growth processes, 
which require relatively little energy but are just as essential to the 
norma! functioning of plant life as is carbohydrate synthesis. Tliese 
latter photochemical reactions control the development of stems, leaves, 
and reproductive structures, and are most actively promoted by light 
from the red end of the visible spectrum. This formative action of 
the red can be blocked by irradiation witli energy from the far-red im¬ 
mediately adjacent to the red. 

Previously the laboratory had establialied that the region of maxi* 
mum effectiveness in promoting the normal formative processes in 
seedling development is at 660±5 m^ in the red, the results substanti¬ 
ating tliose of other laboratories mvestigating seed gonnination and 
flower-bud initiation. This year the photoreversul reaction involving 
the blocking of the formative processes bos been found to have two 
maxima in tlio far-red at 710 and 730 mjx, with a minimum of 480 m>i. 
Sc vend rather fioorly defined secondary maxima occur at 520 to SftO 
m#* and €50 lu/i. Since the maximum efficiency of the far-red energy 
occurs about 1.B houw after the end of the red irradiation period 
ratlier than immediately following, the results are indicative that tlw 
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far-red energy interferes with the developmental process by acting 
GQ ft product of the plioLochemicat teaction biitiated by the red energy. 
These studies Iiave all been done on seedlings of the bean plants using 
the diftfiges in growth of the bean hjpocotyl hook as an assay of the 
growth regulating effects of the rndlajit energy. 

2. —One of the finst evidences of damage to Imog or^nisms by any 
form of ionizing radiation^ including X-rays^ is the breaking of the 
threadlike hereditary structures of the cell known as chromosomes. 
It has been found tliat if X-rays aie preceded by exposure to red viai- 
ble light, the Incidence of X-ray-induced chromosome damage is mark¬ 
edly reduced on the order of 30 to 50 percent. lf| on the other hand, 
the X-rayg are preceded by exposure to radiant energy from the far- 
red or near infrared, the damage is potentiated by these wavelengtlia 
by as much as 30 to 40 percent at the energy levels used* The plant 
material employed for these studies was tfie root-tip cells of broad 
bean {Vida faba)^ the ohromosotnea of which are extremely sensitive 
to X-ray damage* 

Work i& now in progress to study the mechnnisin of ttiese reBctions 
of inhibition and potentiation of X-ray damage and how the results 
may bo applied to tlie mediation of the damaging effects of ionizing 
radiations, Tlie medical implications of the^ findings arc extremely 
important in the control of damage by ionixing radjation and in 
cancer therapy* 

3. —Auxin, the only plant hormone isolated to date, controls certain 
phas^ of the growth process such as cell elongation. The effects of 
auxin may be produced or modified by a number of growth-regulating 
chemicals, Including tlie common weed killers and otlier materials 
used for controlling rooting of plantSj fruit set, and sprouting* 

Although auxin has been identified for many years as indole acetic 
acid, it has not been possible to quantitatively measuro its activity on 
any metabolic function and biological assay methods have been used 
in the past to determine auxin activity. During the past year, how¬ 
ever^ using differential centrifugation methods to fmetionate plant 
tissues, it has been found that the fraction remaining after sediment¬ 
ing cell walls, nuclear material, mitochondria, plastids, and other par¬ 
ticles within this size range, contains an en^'mo system which, on the 
addition of auxin^ brings about a mnrked oxygen consumption. The 
rate of auxin activity can be measured quantitatively on tliis cell-free 
fmetiom Avocado fruit tissue is being used as the ex|jerimental plant 
materiaL Studies are now in progi^ to determine the initial bio¬ 
chemical steps of the process. 

Respectfully submitted. 

L* B* Aldbich, Director* 

Dr. Leonard Cakmtchael, 

Secretary y SmUhionian Institutim. 


Report on tlie 

National Collection of Fine Arts 


Sib: I li&ve the honor to subnut tlie following report on the activi- 
ties of the National Collection of Fine Arts for the liscal year ended 
June ao, 19&5: 

SMITHSONIAN ART COMAGSSION 


The S&d annual meeting of the Smitlisonian Art Commissslon was 
held in the Hegeuta ILoom of the SmUhsonJun Building on Tuesday, 
December T, 1954. Members present were: Paul Manship, chairman; 
Eobert Woods Bliss, vice chairman; Leonard Carmichael, secrataiy 
(member, ex officio); John Nicholas Brown, Gilmore D. Clarke, David 
B. Finley, Lloyd Goodrich, Walker Hancock, George Hewitt Myers, 
Charles IL Sawy^er, Archibald G, Wonley, Lawrence Grant White, 
Andrew Wyeth, and Mahonri Young. Thomas M. Beggs, director, 
and Paul V, Gardner, curator of ceramics. National Collection of Fiuo 
Arts, were also present. 

Resolutions on the deaths of George H. Fdgell (June ST, 1954), 
and Reginald Marsh (July 3,1954), members of the Commission.^ and 
of Ruel P. Tolnvan ( August 24,1054), former director of tlie National 
Collection of Fine Arts, were submitted and adopted- 

pires in 1955, and Stow Wengenroth to succeed Mr* Marsh, whose 
term expired in 1954. The Commission also recommended the re- 
election of Gilmore D. Clarke and Andrew Wyeth for the neit 4-year 
period. 

The following officers were elecUsd for the ensuing yeari Paul Man- 
ship, chairtnati; Eobert Woods Bli^, vice chairman; and l^nard 
Carmichael, seerctarj. 

The following were elected membeirs of the executive committee 
for tlie ensuing year: David B. Finley, chairman, Robert Woods 
Bliss, Gilmore D. Clarke, and George Hewitt Myers. Paul Manship, 
as chairman of the ConuiiiBsiou, and Leonard Carmichiu!), as aeci^ 

taiy of the Coimtus^ion, are officio members of the executire 
cOKunittooi. 


The Commission recommended to the Smithsonian Board of Begents 
6 names of Bartlett Hayes to succeed Air. Bdgell, whose term ex- 


explained briefly the main points of the Smltb- 
BOiuan building pro£am, esp«iaUy in relation to proposed improve¬ 
ments m Southwest Washington, and displayed models of SmithLian 
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structures, eiisting and contemplated. Salient featurea of the pro¬ 
posed National Air Museum were pointed out. 

Mr. Goodrich recalled that recommeDdations for earlj erection of 
a Smithsonian Gallery of Art had been made in the report on Gov¬ 
ernment and Art by Fine Arts CoiiimisKon, in the report by the 
Committee on Governmeiit nnd Art, of which Mr. Goodrich is chair¬ 
man, and in the minority report of the hearings on the Howell and 
12 other bills offered in the 83d Congress- Mr. Goodrich’s motion 
that the Smithsonian Art Comnussion recominend to the Board of 
Regents that it go on record ns favoring the early construction of a 
Smithsonian Gallery of Art was unanimously approved. 

Dr. Carmichael and 5fr. Beggs reviewed accomplishments during 
the year, making particular mention of the exchange of traveling ex¬ 
hibitions with foreign countries and the urgent need for the proposed 
Smithsonian Gallery of Art building to provide necessary office, as¬ 
sembling, and eshibition space for its distinguished temporary shows 
as well as to house the permanent collections. 

The Commission accepted the following objects: 

Oil* Xlta Bathers, br Robert Reid, X. A. (1803-1020). Gl« ot MrS- Fraudi 
UarloD Wlijiiiote, in memurj of her liiiiljiind. Accepted tor the Natlonfil Cbl- 
lotion ot Fine Arta. 

oil, The Bartda, by W, EIww Schofield, N. A. llS<FI-1944). Henry Ward 
Raneer Bequest Accepted for the Katlcnal Collection of Fine Atta 

Oil, Oen, Dwight D, Elsenhower, Snpreme Commendor of Allied Powers in 
iSnrope, 1W9, by Cftpt. Sir Oswald BIrley (1830-1952). Gift cf British friends 
of the arttat to the people of the trolled States. Accepted tor the >'ntlonal 
Fortralt Gallery, 

Pastel, Hulchol ladLaji, hy Anton Sario. fVescated through the Department 
Of State. Accepted for the Smlthsonlajj Institution with recominernlatloii lliat 
it he to till? Burena of AmerlcAn EtlmpJogy^ 

transfeeis accepted 

On.e gold necklace s&t with 30 gamuts ; a round-headed fibula wi^ 
garnet inlay; a brooch j an amethyst ball pendant fratned in gold tvith 
gamete; a gold ring studded ^vith 3 gamete; a Y-shaped fibuloj and a 
coin of Constantine II (311-^40), were transferred from the 
Department of State on September 21j 1054. 

Three heroic-siM oil portraite by Chester Harding (1702^185 )^ 
Goorge Wsshington, Henry Clay, and Andrew Jackflon, were trans- 
ferred from the Supreme Court of the Dktrict of Columbia on 

November 24,1054- tx tj- 

One unframed watercolorj Munich Modeh by William H. o 
(1M6-1933), was transferred from the United States Siationa 
Muaenm (Division of Graphic Arte) on Dcoeraber 8,1854, 
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tfithdrawals by owners 

Two oU portraits. Geo. John J. Pershing and Adm. William S. 
Sims, by E- Hodgson Smart, lent in 1932 by tlie artist, were rele-ascd 
oo August 17, 19&4, to James Shenos, m acoordimce with a ooiirt 
decision^ 

T^^'o pastel portraits of George and Ifartha Wasliington^ by James 
Sharpies, lent in 103i by Mrs. Robert E, Lee, Dr. George Bolling Lee, 
Mrs. Hanson E. Ely, Jr^ and Mrs. William Hunter de Butts, were 
w'ithdriiwn and delivered to the Mount Vemon Ladies’ Association 
of the Union on September 14, 1954. 

Two miniatures, Unknown Gentleman, by Robert Pieid, and Mr. W., 
by an iin determined artist, lent in 1952 by Mr. and Mrs. Enel P. 
Tolman, were withdrawn by Mrs. Tohnan on April 4,1955. 

An oil portrait of George Washin^on, by Cbtirlcs Willson Peale, 
lent in 1914 hy John S. Beck, was withdrawn by ilre. Beck through 
her attorney, Robert S. Bains, on May 26,1955. 

A miniature of Martha “Patty” Custis, painted at Mount Vemon in 
1772 by Cliarles Willson Peale, lent anonymously in 1034, was wiUt- 
drawnonJuDel5,l955. 

art works lent 

The following art works were lent for rarying periods; 

To tlw Cllj Art ftTojwflni of 31- Loula for IW Wwtwflrd Amerltrei 

Octoti^i- 23 lo neceinber ^ tlicn furward^d to the Walker An Center, 
AJlDJienp^pliA, 9i1liiix, for a sijeclftl oihibltJori+ JunoMry 1-i to P^bmary 
IflMi iBblppiMl 3^pt«iab^r 21, 1S1R4>: 

Cliffs of the Cppcr Coloretlf] Rlvir, Wyoming 
Torrltrtry* bj Ttiomas MoniiL {Petiimed 
Marrh fi, IflW.} 

To the PpunsylTHpIn Acadetnj nf the Fine Arts, phnAdelphla, Fa., for Ito ISOth 
Aanlveraarr Evlilbltlon, Jannory 15 thmiagh Alareh 13,10551 

CqfdinJi] ^lereJer, by CBeftIa B^anx. (Retcmed 
April 3. 10554 

Man In WYitte I Dr. Henry S. Drinker), by 
Ceolllq Beqox. tneinded tn a selec- 

tieo of pnlnllugfi from (he iHJth AnDlremary 
KxbibitiGD. for an O'CHontb ETtropcan tnnr 
rponsorfMl by the u* S, infnrmatlQa AgcEicy.) 
To the White Hodjio, D. <3.: 

8e£>tem1wr 17^ 1954—^^-- Summer, by Cbat-Tefi H, DbtIa, 

SimriotvD, by Oeorpe InnesA, 

Nl PLEnrn, by George I noeeq. (Eetnrspd 
her SO, ltl^W4 

Temple Uotttilnin, by Channecy F. Ryder, 

flletnrnrd Kflvember 3(1, 1H54 \ 

Octfl6er22,11»4-Wild Parley, by Sarnii pj,i,„a Ball Dodjwa. 

Rvpnlop; on tbe Seine, by Binner ilnrUn, 

On, hy Frederic RemUnfton. (Retumfid 
NoTcmtwr 30p 1934.) 
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April 20, 1055- 


Mny 13,1055_ 


_ _ GrotDD li^ng^ Point Dimefi, by Henrj Ward 

RAD^er. 

Shlunecoi^ Btllv, by WlLIE&Qi Chas^. 
Mounlftin Svtnp, by Fredericik Edwin Cbarcb. 

U^«tnmed Moj 2, 10^.| 

TohlekoDp by Daniel OnHwr, I Returned Way S; 
1055.) 

No'reniber, by Dnl^bt Try on. tHe^inrn^ 

____OeOrEe TVAshington* by WllllaRl WiostanJeyp 

After StiiarL 
MaiintaiA Scene, by Frederick Edwin Cbartlk 
To Ebe SnpretPe Conrti Waablngton, D. CL: 

Ocit^lier 20, IOSHl __ Hutintaln Scene, by 1, Dlday. 

Scene from llie ^*Oeiitltfjie!j tsf Frapcc,’* by 
Antoine Etey* 

The Wreck, by Elarrlngtnn Flu^mld. 
Landscape, by UennAn Snftlei^eii. 

One Day In June, by William ThnmftB Smediej, 
Mciuntnln Scene, by Frederick Edifin Cbureb. 

(Returned Kovninber 20^ 1CI54.) 

Tbe BJyatertona Woods^ by Rnawall M. Sbrnt- 
lelE. (Returned NuTember 2d, 10G4.> 

Rock we] I Studio, by MacowIji Tdttle. (R«- 
tnmed Nu^emher 26» 

To the U. S, Cnurt of Mllllary Apponia, Washington. D. C.; 

NorciuLier 24, 1954^-._ Andrew by Cbl^«tpr Rarding. 

GeiinEe Wnsblngton, by Chester Hardlrvff, 

To the DepATtment of Jn^ElcCi Washtnirton, D, C, i 

March l5i _—_ TempleMountalo, by ChaiJncey F. RydcTp 

The Myatenoua Woods, by Itosa^n M. SbnrUelL 
AJ^rnbam LlncnlbH by George Slory, 

Fog, by James Cmig NlroU 

The Flgnrloe, by William 51, Faiton. 

Late Afternoon near Protldencep by Joseph F. 
ColA 

A Group of Elk, Wind River ftionntoltiB, Wyo- 
niluf, by E^wln W. Doming. 

The CoruflelcL by Henry Ward Ranger. (En- 
turned May 23, 11155.) 

The Grand Canal, Venice, by Gubrinl (Be- 
ttirofll May 23, ItlGCt) 

Marshlands at Sundown, by Allee Pike Ramey. 
iFtom the SmUbfiUplaii Lending Collect Ion-) 
To the Bnmey NelgfatMJfhood House, IVnahlngton, D. C^J 

aiarch 2a, 1955,,^_—_White* by an rrodetennSned artlsL 

Three fans from the I>eArcofl Collection 
Eight Items from the Eddy CollectJom 
Thtec Items from the Pali CotlectloD^ 

To the Octagon House, Wadiluftou. D. C„ for the HttilBual Trust Toot : 

i_^ji ,d icir.c^ _The i^leitliiK of the TVeoty o^ Ghent. Chrlataini 

^ ForwUer. <Ita* 

turned to tha D. 8. District Court on April IS, 
1 « 95 .) 
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To Uie Bureau of tlie Budgett WatiMiiftob, Dt C< : 

ApxU 22, DIGS _Shallow wall case. (Heturned May 37, ISGS^) 

Jaae 20> 1%I£__ Gen. Dwifbt D. Eleeiibun'er, by Capt. Sir 

OenrAld Blrley. 

Mlsta of tbe MornloKj by George Glenn Newell. 

LOANS RETURNED 

Oil) Prince Kimmocbi SaiODji, by Charles Hopkinson, lent May 5, 
1954, to the Institute of Contemporary Arts, Boston, was I'e- 

tumed July 6,1954* 

Oil, portrait of Dr. George F. Becker, by Fedor Encke, lent April 
17, 1953, to the National Academy of lienees, Wadiington, D. C-, 
was returned J uly 23,1954. 

Two oils, Fired On, by Frederic Remington, and Westward the 
Course of Empire Takes Its Way, by Emanuel Leutze, lent April 16, 
1954, to the Joslyn Art Museum, Omaha, Kebr., were returned J uly SG, 
1964. 

Model of prize-winning design for the Smithsonian Gallery of Art, 
by Eliol Saarinen, lent October 1, 1963, to the American Institute of 
Architects, Wasliingtou, D. C., was returned September 16,1954. 

Wash drawing, The Devil’s Tower from Johnston’s, Crook County, 
Wyoming, by Thomas Moran, lent Diecember 13, 1953, to the Smith¬ 
sonian Traveling Eshibition Service, was returned October 11,1954. 

Two oils, A Group of Elk, Wind Eivcv Mountains, Wyoming, by 
Edwin W. Deming, lent December 8, 1963, and Tohikon, by Daniel 
Garber, lent February 2, 1954, to the Supreme Court, Washington, 
D. C,, wore returned November 26,1954. 

SMITHSONIAN LENDING COLLECTION 

Two paintings, The Dimple and Waterlily, by Alice Pike Barney, 
were returned by the Joalyn Art Museum, Omaha, Nebr^ on July 26 
1954. ’ 

Oil, 'IVliero Dcsci't and Mountain Meet, by Evylena Nunn Miller 
(1888- ), a gift of Joseph S. Wade, w'ns accepted December 7,1954, 
for the Smithsonian Lending Collection to be exhibited in the CJ^logr 
HalJ^ Natural History Building- 

Ten paintings by Edwin Scott—La Concorde; Marine; Place de la 
Concorde No- 9; Porte Saint Martin No. i; jRue de Village - Rue des 
Pyramldea; Rue San Jacques, Paris; St. Germain des Pra No 1* 
The &ine at Paris, Pont de la ancorde; and Self Portrsib-]ent to 
tlie Department of Health, Education, and Welfare, on Januarv 18 
l954^wereretumedon January 18 , 1955. > 


ALICE PIKE BARNEY MEMORIAL FUND 

totaling $2,608,44 have In¬ 
creased the total invested sniua in this fund to $34,603.85, 
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THE HENRY WARD RANGER FUND 

According to a provision in the Eanger bequest that paintings pur¬ 
chased by the CounciJ of the Kationnl Academy of Design from the 
fund provided by the Henry Ward Ranger bequest and assigned to 
American art institutions may be claimed during the 5*yeAT period 
beginning 10 yeara after the death of the artist represented, one paint¬ 
ing, The Rapids, by W, Elmer Schoheld, N. A. (1867-1944), was 
recalled and accepted by the Smithsonian Art Comtnission at its 
meeting on December 7,1954. 

The following paintings, purchased by the Coimcil of the National 
Academy of Design since the last report, have been assigned as 
follows: 


Tilto and ArtiB^ 

16^ Still Life In Winter 

by Chnriefl Burclifield N. A. 
(3g93™ h 

Head of Red Moore, by EaigeDe 
Spelolier. N, A, ( ISSS^ 1. 

1(J5- 'Puticlior, by O^den M, Fleissaer^ 
N. A. (leOG- 

16^3. Tree Forms, T»y Kidney Lanfnian, 
N. JL {3501^ >. 

107. Tbe Falls of Kchuylklll, by Walter 
Stuempfl.^, A. N. A. I9l4- }. 

16S. Ryder's House, by Edn'ord Hopper 
(38S2^ ). 

169. SuD^et OoTDTralJ (watercolor), by 

Gordon Grant, N. A. (IKIS- 

170. Alrlao Slough (waterrolor), by 

Mqurfeo Lo^n (iSeO- ), 

ITl. Grape HLlb Monayunk^ by Gloranni 
Martino, y. JL {lOOS- ). 

372, Still Idfe with Grooud Pint, by 

Eagi&ne R, Witten (1020- ). 

173. Study uf a Youaj? .\Ian+ by Nancy 
Ellen CraJg (1027- ). 

174 Cl reus Porfemners, by Ben Kaml- 
hlra (1525- 

17151 West 4th Street (watereolotjp by 
Jerri REwi. ^ N. A. (lOlC^ 

170. On Strike, by Robert A. Hitcb (1020- 

177^ KUll rjfe #08, by Robert Bmckmaa, 
N. A. (1S9S- >. 

178. Son Baruabq, by LjhiIs Busa, N. K 
(I90e^ }. 

170. Hie Erletlou. by Everett Blilnu.^ 
N. A, 


Ampnmetif 

C.irneg!c lustitutep Fittabiirgh^ Pa+ 

Buffalo Fine Arts Academy^ EnffalOp 
N. T. 

CincLnnatl Art Museum, Clii^^lDnatl, 
Ohio. 

Geoii:U of Artp University 

of GeoTfla^ Athens, Ga. 

Whllney of American Art, 

New York. N. Y. 

D^foBouin of Fine Arts, Boston, Maos, 

Cooper UdIqu for tho Advmjcement 

of Selenee pad Art* New York, N. Y. 

Staten Island InaUtuto of Arti aud 
Sdencea, Staten IsInndH N. T. 

Butler Art Institute, Youngstown, 
Ohio. 

Sprlngflold Art Muaeum, Sprln^eld, 

Mo. 

Art ^insoum of the New Britain 
Institute, New Brltnln^ Conn. 

(Not yet nssIgnotL) 

FnrnaworUi Mofieuro, Wellesley Col- 

Wellesley, Maso, 

(Not yet osslj^uied). 

Tbo PairJftib Art Moseiim^ aouth- 
DEUpton, Long Island, N, Y 

Art AssodatlDn of Indlanaiiolls. 
John Herron Art Itifitllutep rndJan^ 
apolla. Lad. 

WllnilEjGton SoeJety of Fine Arts, 
WIPmlPjEton, I>el. 
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Ko* 7, Shrine of the Haln Gods, by E. Irving CoiasSj (ISGfl- 
1D3G)» permfljientlj assigned to the Toledo of AK| Toledo, 

Ohioi in lD46t returned to t)>o National Aeadenij of Design and 
reassigned to the Aluseum of the Americait Indian, Heye Foundation, 
Keiv York, N* Y., as its absolute property, on May 31,1^55* 

No, 107, The Blue Jar, by CtiUen Yates, N. A. (1880-1945), as¬ 
signed to the Portland Art Association, Portland, Oreg., in 1933, was 
reassigned to the Norfolk Museum of Art and Sciences, Norfolk, Va., 
on November 10, I95A 

No. 150, End of Winter, by Lassell Ripley (1806- ), was 
assigned to the High Museum, Atlanta, Ga^ on June 18, 1954, 


SMltH&ONlAN TRAVEUNG EXHIBITION SERVICE 

Silty-three exhibitions were circulated during the past season, 52 
in the United States and 11 ahroad, as follows: 

li^rr^ stATts 


Faiirtirtys and 


Title 

AiDPrlcAD __ 

Aiuerltao NuCural Falntcxa_____ 

ATutHan Drtwinsa anti Prfnta____ 

Painting bj AnqtHan caUUren—^ 

Palatine by OaorgE OatlLn—— 

CbUdren^ Palatla^ from 
CdDDlrleg. 

CbUdrea'a PalDtiasa from Jatuli)— 

ChlneM PnlatfiigSL, bj Tu-ho*^_ 

CotiLeiut>utar^ Americaii Drawlo^^^. 

EtblupbiA PaLiitlngB_-____ 

FUselJ —---- 

Watrrcnlora and DrawlDfi by 
GavamL 

Genaon DruwlDes and Watercolorq.. 

GlartaD a _____ 

Ouya Drawiaga mail Prints___ 


Winelow Hower Drawings__ 

WateTTOlar* eml l^rinlA by Eedciuc^. 


Bourse 

PhUbroo^ Art Center, Tulsa. 

Oalerle BL Etienne and i^rlvate coUee- 

tera. 

Albert Ldm, Vienna ; Aofltriaa Embasaj^ 
BupcrlDtenclent of SebooLa In Vienna: 
Austrian Embassy. 

SmithsoulDn InsLUmlon, Department of 

AnthreiKflogy^ 

Embassy af Deomork: Frlendaliln Among 
Cbudrec, and Ynutb Organic^itlan. 
Called Nations Kdueaticnal, Selentitle^ 
and Ctdiural Orp^enuation. 

Alt ImiiUtute of Cbieago; artlsL 
Amerieaa Aoodeaij uf Arta and Letters; 
artlfita. 

George WaabLnirton Unl?enilty: Dr. 

Bruce Howe; Embosay af Etbiniila, 
Pro Helvetia FounElation, Zurich; I^Jga- 
tlan of Swltierlaad. 

Wallers Art GaUf>ry, Bultlmors; Rojien’ 
Wald Collection^ NatloaaL Gallery of 
Art 

Dr Cbnrlotte Weldt#r: aitlat 
British Ehnbas}cy; a nisi, j«bo Piper 
Prado and Gaidianu Museums, ^fadrld; 
Blmulsb EmbSKHy; Roseawq Id CoRce- 
Uon, National Gallery of Art 
Cooper Union ^^useum; Auierlcan Acad- 
eiuy of Arts and Letters. 

LureiDbourg Biuie Museum; private «il- 

Icctara; UcBtloa of Lnaembour*. 
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Tiite 

idtli C^Dturr Ain#Tkiin PaiDtl^ea 
from tb0 KsTollk CoHectloit 
CoEit^tnporary P^inLliseS—. 

Swedish Children's PAlnUcg^^_ 

Fiilntem of Venexaeia-^-_^ 

BErds nf Ar^entltin by Salvndor 
JUnirae. 


Maxim RhroUk; Museum of Ftae Attn, 

BoAton, 

Katlonnl Mosetun, Stoddaolm; Swedigh 
Embassj- 

NatloDsI Museum^ StiM^oim; Swedish 

Embassy. 

Ministry of EdDcatlon at Carncns; Pan 
Amerleaa nnioiL 

Artist ^ WUlinmB Foundation; Am^lcan 
Aluaeiun of Xatural Hlstoty^ 


Oraphic Artt 

TWe Boam 

Ameiican Color PHnts,^_____ Lthtarj of Coflijrewi. 

Rei'eal Britlsti Lfibofn^phs.-__ British Canntll; BrItiBh Embassy^ 

ChlliSreti's Picture Hooka^. .— Waahinirton Post Chtldrcfl'* Book Fair. 

Comemporarj Jupnni^v Prints__ Art Institute of Cblcai;o; JapaEiese As- 

aoclatloD of Creatlf^e Print makers. 

Japanese Woodcbtn.. .._United Natlona Educational^ Scion tide, 

and CoJtnmJ Organ tsnt Ion. 

Frlnte _ ___Brooke Sfemoi'la I Art Us Llerjr; art lata, 

Southern California Serlemphs:^._I^i Angeles Connly Musenm; artlsta. 

tVoodeuta by Actonlo Frasconl.__ The Print Clob of CisFeland; The CleTe- 

land Mufieum of Ait; Wejbe Csllery; 

artut 


ArcAftrctvr'e 

TUte Soaroe 

New L|hrar[eB_..-----American Tnfltitnte of Archltecta. 

The Re-Cnloo of Archltcctare and Atnerlcan Institute of Ardiltecta. 
Engineering. 

BuHdIng in the Netherliinda____^_^_^ Bond of Netfaerlanda Arehl tecta and 

Bouircentrum; Netherlands Embassy, 

The Crystal Palace_____ Sralih College AJuscum of Art: Waaaa- 

chusetts Institute of Technology. 


Beftoa 


TiiU 

American Craftsmen^ I__—-- 

AEucrlenn Jewelry and Related Ob- 
JecTo, 

Brazilian Landscape Archlteclnro 
Nvw Deigns hj Roberto Burin 
Alarjt, 

Dutch Arts Biid Crafts-^.-— 


Fifty Tears of Danish Silrer 
llatlan Arts and Crafts^- 


£ourca 

Pnlrerslty of Ullnula, Urhena, 
Huntington GaUnrles, Huntington, W. Tb. 

BraEmnn Embassy ; artist 


Depnrtmeut of Education, Art and Sci¬ 
ence In The Hague; Netherlands 
Embassy. 

Georg Jensoa. Inc.; Daulsb Fmhsfia^, 
ComtiairnlB NazlonsJe AjUglsuBp llotae; 
Italian Embassy. 


BToaso—an-e 

















72 


ANBrUAL AEFDtiT EMITHBONIAN mOTmmON, iSAfi 


PhotOffr^Uphj/ 

rwte ^ottrc^ 

Anstil Adfime Ph^togiriipbB l^XS^lDEia^ Artist I Georgiy Easccdac Boiiseg Hjoch^ 

ter+ 

Birds Id Color bj- EnJot Parttr__ArtEet; Ani^rlcDH Mii^uzn of Natoral 

Hlstorj^ 

V^eneG^a VllLas__,,---___ SoprintendODSCfi ai MoniimjeoU MedKe?aLI 

0 Modeml^ Venice; ItaUaD Umbassj, 


Folk 4r^ 


TitU 

Aiserlcona^_____ 

Esk'lmO Art, 1 7 

Eaklico Art, — 

Norwegl&n Deccrattre PalDtiELff__.__ 

Popular Art Id tbo Uoltod Sta^_ 

The Art of the ^panMh Soathweat^^ 


Sour^ 

Indci of American Doalen, National Gal^ 
lery of Art. 

EabJmo Art, Iocl ; Canadian Handicrafts 

Guild; Canadian ESmbUBSy. 

Norwefdan Artlita Guild; E^baBsy of 
Norway^ 

Index of American Design, National Gal¬ 
lery of Art. 

Index of An^crlcan Dc&lgnp Natlodal Gal¬ 
lery of Art. 


Oriental AH 

Title Boaroc 

Chinese Gold and 5!Uver from the Dr, Carl Kemtie: E^mhassy of Sweden. 
Kempe Collection. 


EtKnoUiffv 

Tliie B^faree 

Art aod Ma^e In Amhem Land-„ SmUhsonlnn InalltnUcmp Department of 

ADlbrojHjlogy. 

Carl Bodmer Painta the ludlou Karl Viktor, Prifta m Wlod^ German 
Fronde?* Embassy^ 

XBlOAn 

Boaroe 

-- Muaeams; prlTmte coUectOta. 

Waahhigton Poet CiUldren'a Book Fair. 

— Phllbroot Art Center, Tnlsa, Okla. 

__ Desipj and ProdiirtloB; Mm Steuben 
Dorsey. 

Tom Lee Limited; ANTA 
— The Toledo Mhsenm of Art, Toledo, Ohio. 
_ Cnmlm? Mu.^nm of Glass, Oomtng Glosa 
Ccater, Comlngp N. X* 



TiHs 

AmarEcan Frlmltire Pnlatiiign_ 

ChUdmD'B picture Boofea.^^__ 

American Indian Pain ting _ 

Amert-can Oitirch __ 

The AmeHca!:k Theatre _ 

Con]mtinlty Art Centers (fl> . . _ 

Contemporary American Glass__ 
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INFORMATION SERVICE AND STAFF ACTIVITIES 

la addition to the raonj requests for informatioti receired by aail 
and telephone, inquiries made in person at the office numbered 
£saniinatioi) was made ojf 774 ’irorks of art submitted for identilica' 
(ion. 

An article, “Harriot Lane Johnston and the Hational Collection of 
Fine Arts,” by Thomas M. Hegga, was prepared for the General Ap¬ 
pendix to tlie Smithsonian Institution Annual Heport for 10&4. 

Special catalogs were published for the following sBren e^dbitions: 
American Primitive Paintings rmd Fifty Years of HaniaU Silver 
(published abroad); Austrian Drawings and Prints; Brazilian Land¬ 
scape Architecture by Koberto Burle Bfavx; Goya Drawings and 
Prints; Nineteenth Century American Paintings from the Maxim 
Karolik CoUeGtion; and Watercolois and Prints by Bedoute. The 
last five contained acknowledgments written by Mrs. Annemarie H. 
Pope, chief of the Smithsonian Traveling Bxhibition Service. 

At the invitation of its Foreign Office, Mr. Beggs was guest of the 
Federal Bcpublic of Germany from October 18 to Xovember 17,1054, 
visiting leading museums aud art centers. 

Mr. B^gs served as sole juror of the Sixth Annual Exliibition of 
the Florida Artists Group at the Xorton Gallery, West Palm Beach, 
Fla., and spoke at its symposium April 20 and 30,1355. On March 21, 
he was one of two judges for the 02d Annual Exhibition of the Minia¬ 
ture Painters, Sculptors^ and Gravers Society of Wnsliington, D. C. 

Paul Gardner, curator of ceranucs, gave talks (illustrated) to tJie 
Garden Club, Largo, Md., on October 10, 1054, and the Arlington 
Branch of tlie Amei'ican Association of University Women (gallery) 
on January 20, 195S. He served os one of tlie judges for tJie 24th 
Annual Photographic Salon at the IVashington County Museum, 
Hagerstown, Md., on January 23, 1355. 

Mrs. Pope visited 11 European countries, met ud lug England, 
France, lUily, Austria, Gcnnmiy, Switzerland, AXlierknds, Sweden, 
Finland, Norway, and Denmark, between June 4 and August 17,1954. 
She discussed exhibitions from these countries for circulation in the 
United States and American exhibitions which might be sent abroad. 

Mrs. Pope represented the Smithsonian Traveling Exhibition Serv¬ 
ice at Die Southeastern iluseuma Conference held at Miami, Fla., Oc¬ 
tober 13-23,1354, Mid also spoke at the opening of the Goya Drawings 
and Prints Exhibition at the City Art Museum, St. I^uia, Mo., June 
8 -10, 1055. She attended Die opening of the new wing at the J. B. 
Speed Art Museum, Louisville, Ky., and Die opening of the Goya 
Drawings and Prints exhibition at the Metropolitan Museum of Art, 
New York, N. Y. 
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An exliibition of 25 blcx^k prints, by Rowland Lyon, exhibits prepar¬ 
atory opened at the Cssa Aiiiericana Biblioteea in Madrid, Spaiiit 
November 23, 1954, and later touml other Spanish cities, ilr. Lyon 
sorved on the juries of four local exhibiEions. He gave a demon- 
ftrntion on the Restoration of Oil Paintings at n meeting of the 
Society of "WashintoQ Artists on October ft, 1954, was chairman of 
the May Arts Fair at tJie Arts Club on Ifay 20, and acted as moderator 
at a panel diseussion, ^‘TLe Status of Wosbington Art,^ held at the 
Worksliop Center on Slay 22,1955. 

The canros^ of 9 paintings in the permanent collection, and 10 bor- 
rowed from the U* S. National Museum for use in the Smithsonian 
Traveling Exhibition Service, were cleaned and varnished Twenty- 
one fnunes were renovated for use for permanent or loan exhibitions* 
Fluorescent lights were installed in 7 eases in the Gellatly Collec¬ 
tion. Eleven cas® were rearranged* 

Miss Doanda Wheeler linished repairing the Turf an frescoes in the 
Qellutly Collection in September 1954. 

The renovation of tlie taiicstry "^Julius Caesar Crossing the Rubi- 
con^^ W'as completed by Ni^han G. Hintlian in April 1955* 

Glenn J, ilartin denned and restored 2 paintings 5n the permanent 
collection and 6 in the Smithsonian Lending Collection. 

Newly decoFiLted offices wore occupied by the curator of ceramics 
August 27,1954j and die prepamtor of exhibits February 1,1055. 


SPECIAL EXIUBITIONS 

Fourteen special exhibitions were held during the year: 

Julp 2 J Brptetnher 1 ^, ^^ 5 |."l'ortrnU at G^nenil Dwlgbl D. Elisen- 

hciwtr, Biirirem» Commaikdi^r of AUled P^wtrs in Eiirupe, 1019, by CapL Sip 
Oiwnl^i Birlej IIBSO-1052J, ot GrltlyJi FriEnda yf the AriM lo t2j& Pw|3ie of 

the United Slolea. 

Bcptanbcr / tArtHipA An ExhlhUlon of Cn?!itlTfr Crafts under the 

Joint sponsorahlp of th* KIEtj C3ab aud Uie Fotomne CraftBrnen eonalatLnp of 133 
pieces, thmoniilrftUoas of the baiilc nteps Involved In the production of warl la 
the various crafts were eIvcb twice dully. A Calalog was privately printed. 

Qciabtr 13 throttijh tS, tho Fourth BlenalnJ Exhibit Ion of Soul pt are bj 

tb4! W^aaljla^rton Sculpt^ra Oroup^ eonolsting of T5 pieces of sculpture, A catalog 
wna privaiely printed. 

Oetaber tS thronffh Xorifnher l$. 1934.—A. amUhsoniqn ImtltnHoii Trtivellne 
Eihibitfnfl eutitled "UuUdlDK Id tlie NpiberUnSa." sponsors] by the AKcrlemn 
Infltltute of Arebltectfl, fcnd held utMlcr the patj-DDege of nia Fieeltencr the 
XrtherlantlB AiubaasoJor. Dr. J, IL van B^ijeu. mdaded fl2 photojrraplijl 
afd 3 leeJDlB of Dtitob orcMtecture. A oitalou wta privately printed. A Olui 
In connccUou with ibo cahihltlon vnit Htiu«ii on November 2 

7 IbrousA £S. JS34.-'rho Seventeenth MetroMi tan State Art Con- 
teat held under the nueplcee of ,be D. C. Chapter. Acerlean AnteU Profeeelnniil 
I«B^e, aeelEted by the Entre Nou Opiv conetetlng of 220 paintlDim echlpturei 
priatm end metaleralt. A catalog waa privately pubUahe? 
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Det>emb^ |fl c^rovirh fP^ 1^4 *—EleTCDtli AnnuJitl Exhibition of the ArHitB' 
Guild of WasihlDgtoo, confilsiiin; of 7T palerlti^ end seelptuim A cataLc^ wea 
privately printed, 

January 6 through "Carl Kodmer Paints the Indian Frooder,” held 

under the patrouai^e of HIb ExcolleecF, the German Ambassador, HoUlk L. 
Krekelgr, coosIstLiig of US watercolora and dtawin|!:ii, A cetnlo; was privately 
printed. This oxhfbitlotl was eireulated to U other Instlmtluns by the HiiUtii- 
Bonlan TraveltoK Exblbitloa SerHce. 

January XS, 1SSS.—A bronze staEne^ t-aborlcjf Tonth, by Bennann Blamenthal, 
presenied bo the Amerioan Nation by Hla Exeellenoy, the Oermaa Ambns&aiJort 
HeEnz L. Krebeler, on behalf of the German people, was reneivod by President 
Dwight D. Elsenhowar for the people of the United States in the auditorltini of 
the lInJted States Natural Hiatorj Building. It wftO on special exbibit Ion In 
the lobby until April 213, 

Fthruary 4 through S7, /P^5.—The Fifth Interserrlca Pbotography Conteat, 
consEstLng uf or^r 2^ pbotoerapha. 

March C through JPS5.^The FIfty-etgbth Annual Exhibition of the Wa^h^ 
tngtoo Water Color Club, consisting of 171 wateroolors, etchlugs and drnwings, 
A catalog wa^ privately printerl 

ApHi S through f J355.—Exhibit of SO photographs ntid watercolorg nnder 
ausplccB of the Auduboo Society, D, C 3 L Chapter. 

April y lAroti^rA The Twenty-sccoad AodclbI Exhibition of the MlnU- 

tum Painters, Soulplnra, and Grarcrg Society of Waahington, l>. conjalating 
of 2ab examples. A catalog was privately prlatcd. 

Mag S ihrattgh Si, J955.—"Under Freedom.** an exbLblGon depleting 300 years 
of JewLsb Xdfe Ln the United StafeSp pre^ted by the Greater Waablagtoti Gozn- 
mlttee for the American Jewish Tercentenary, consistlog of rlmal objects, por- 
traEts, Bculpture, engravtuitap photographs, bookA letter^ docimicnitap ebarti, 
mopa, and Innumorabk other Itema, A eatnlog was priyately prlsteiL 

June £5 through July 7, iy55.~The Stxly third Annual Exhibition of the So¬ 
ciety of yh ashlnirton ArtlstB, consletlng uf 65 palnilngi and IS pieces of aculptura. 
A catalog waa privately printed. 

BespectfuUy subnutted. 

Tuouab AL fisoas^ D{rect£>r, 

Dr. Lednaiu> CAHancHAix,, 

Secrelaryj Smitk^onmn 


Report on the Freer Gallery of Art 

Sm: I have tbfl hoEor to subout the thirty-fifth annual report on the 
Freer Gallery of Art, for the year ended June 30, 1955, 

THE COLLECTIONS 

One hundred and twenty objects were added to the collections fay 
purchase, as folkjwa; 

5422, CbSnese, T'eiiK drM»ty (A, D. ftlS-OW). ElftUobed mirror; t»«ikeil 
with a sheet of silver decorated wltti floral oad aolmRl designs In 

on a panchwork samn fteon paUnsir earthy adhe- 

tiDd trac^ ut silk wtapplii^^ Diameter: 

&4.I21. Chtnese, l4te Chou clynaaty (6tt^-3d century B. 0.). OariDeDt book la- 
la Jd with EllTer, gold, glao?, and Jade- Length i 0.220. 

£4.122. GbEn^, Early Chou dynasty (llth-lOth century B. O.J. CeremonLitl 
vessel oC the tfvn; decorated with cnat defilgna In LntasUo and 
low roLSofi graytab-iprcen iifttlnn. 0.2TD x 0^247- (IllujKlvated.J 
Cblneao. Sheug djnaaty (12ib-llth ce&tarj B. O.). Ce/emonial vessel 
oC the type ftun; decorated with csstlDg In IntagllD and low relief r 
gray patina, fossae filled with ohnlcaUte; slogle character Inscrlp^ 
lion cast Inside foot. 0J254 r 0.204, 

JADE 

54.120. Cblnesep Late Chon dyfiaHty (Gth-3d cenlnrj B- CJ* Oarment hook, 
carted, white jade la n gold mounting. iHCEigth: 0.123. 

Ci{S.7. Pei^lan, Safnvld period (lUth centnryj- Dark-greeD Jug with cnnlne 
head on bnadle ; Intaglio carving of arabesiiiie rlDf^eaux Inlaid with 
gold. 0.O&1 X 0.100^ 

ucouik 

54.10. Chlneaer Late Ornti dyoaiity (5th-3d century B. CrJ. Glrculiir wood 
troy lacquered with desionB In red end yellow on brown ground. 
Diameter: 0J312. 

&4_18. Japanese, Tokugawa period (ISEh centnry)* Small chest of dmwew 
lacquered in several te<-hiit(]:neB with landi^cape Bceno and Oorn. 0.200 
X O.ies X 0.240. 

54.118. Japanese^ Tokusnwa period (ISth century), Ineense hax in four plecM 
lacquered In scTcral teclibiques with lacdscape, blrds^ ttsd IlnwerSt 
inlaid with mother-of-peiiTL, gold, artd silver \ tray signed Shogyoku. 
0.113 1 O.lia X D.I0B. rmuRtrated.l 

METALWOnx 

54,115- Persian, BftfarJd period flflth-17th century). SUra- bowl decorated 
with arabesques and a poem In naMta*Uq BCfJpE Inlaid In gold! niello 
In background. 0.022 x 0.U2. 
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M-128L Fer«iaDp perlM (12tli-13tti centnrj). Nln^sided bronze amdJe- 

Btlclc lixiatd with nine bnn^ o( eilTer iJecoratlOQ showing entlironed 

mJerB, icii^iciaDa, nnd conrentLoiial designs. O.I6a x Q-IBO^ 

PAfflmKC 

54^. Chlnes^p Xdno ^yn&sty, sttrlbnEiMl to (IStb centurj). EUmd- 

Hcroll lllnstratlng soricultoro ; fall color on paper; 4Q seolft and 3 
JascrlptlDiiE on moaot; 02 seals and 4& InseriptLona on paintingr 1 
seal on lalicl on outside. 12.403 x 0J310, 

^.21. Cniinese, XUeh djnastjt attrtbnted to Ch'i (13Ui eentarj). Hanci- 

acToIi lUnstratLEig ilea cult urn; fnU color on papery 00 seals and 10 
Inscriptions on dionnt; 306 seals and 4n Inscriptions an iwinUnif; 1 
seal eu label on outside. 10340 JC 0.320. 

114.126. Chinese, Sang dynaatyt by Ll Cblb {nth century). Pamteei on an 
apricot branch; full color on allk, OJ2TO x 0.225. 

54-27. Indian, Ifite lOtb centaryj Ikltiglialr school of Ahbar. Emperor Bahnr 
with BtteiidaDta In a garden paTlIlon; If he drawing, partly colored 
and gilded, on paper^ O^iPi x 0A22. 

54.29. Indian, early 17tb century. Slnj^hsl, attributed to Khnlii and Man^r. 

Leaf from a 3d bu r-ndifich j recto i 2 water buffaloes in a landscape, 
text: Torso; S miniainres, each with two antelopes la a. lantlgcape. 
text; fuU colors on paper, text la blade mMia^Uq. 0-^ i OJBL 

54-39. Indian, early I7tb centuTTi MUgbalt attributed to Monohar. Leaf from 
a hletorleal tnanuscript: recto; text; Tcrso; scene of an army on 
the march, text; fulJ colors and field on paper, text in blach nujYa'lfo 
0-432 X 0J2m 

54.51. Ludlan, late l6th century, MaghaL acbool of AJehar. Leaf from a Chhw 
a Mongol emperor {Khubilal Khan) enthroned with em¬ 
press and attendnnia; full colors on paper. £>381 x 0.252. 

54.110. Indian, early ITth ccntary, Mughal, school of Akhjir. Leaf from 

perlal albuB]; recto : prince on horseback handing n drinlc to a yonth 
in a tree; verso: text, and margin with flgnres; fall colors and gold 
on paper, text in hlack naita^Uq, 0,425 i 0.203. 

64.32— Iraqi, late Idtb ceutary (Baghdadt). 32 leaven from a manoscrlpt of 

54.114. Qaiwinl'a "Wonders of Oreution^'; each haa 23 lines of test and one or 
more Ulustmtlous; fall colors and uome gold on papeti text in black 
nnekhJ^ captions In retl or bine Arerage leaf, 0.327 y 0,224. {5105 

miistrnted.) 

51.119. Japanese, Tokuj^wa period. Ukijoe school, by HohusaL (1700-1345}, 
Portrait of a courtesan walking; Ink, colora, ami gold oa sUk; { alg- 
nature and 1 seal on painting. 3.105 x (X415. 

65.2. Japanese, Tokitgawn period. Nanga school, S*y Tiinl Buntha {1704-1040). 
Peacock and peonies * ink and colors on paper. 1.200 x n.siT. 

55.3- Japanese. I'okcgawfl period, Uhlyoo echool, by nokuji»i (liflO-lS40>, 

IS5.G. Four paintings for the block-print aeries Hpakunin /srAd £7Aaya 
Eloki, Nos. 72* ^>T, TO, S3: oh paper; Inscrlptlan, signature, and 

seal on eacbr Average .^beet? 0-259 x 0,37ll 

54.23, Persian, Tlmurld period fpiIddOth ceatnir}. Leaf fram a KaIRa Wa- 
Diuma manuflcript; redo: “The battle hetwceu the crows and the 
owls/' 2 Ones of test; ver^c: gold capticm, 13 line# of black text, 1 
red subheading; colors on i»aper, ndrfo'ffq script 0.229 x 0.140. 
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&L24, Perstan, SafflTld period, tims of abah ‘AbbA^ (OErly Ittb oelilinr), 
Isfaluin ^buol» HUA. E^lUilng node uleep At a waten'odrse; 

picture tuniX LLliiinLDnCloii lu colors nod gold on puper; bluok 

teit, 0-3*Jl X 0.20^ (niiifltnited.} 

PerslAn, aftfATW period (late Idtb eenfmr)# aljmed JAu Qul!. Idoimted 
prtnee with ntteodaDt9 approacblng A paTUJon; eolora ELDd gold on 
pa per; tooimted on a leaf maeoklod with gold. (X245 x d.ld2, 

Feralam (about A, D, 1500)p Sblrus school- l4>af; recto: groom with 
horse In A wooded grove; colors and gold on papar; verao: blac^ 
natianiq text, blue heodlngo, CUSS i O-OfiT. 

PeraLim* Safuvld t^erlod (early 17th centurT)* Isfahan school. Leaf; 
recto: two s^ouUni embracing tu a Iitndacape | litk and sL^t color on 
paper; rerso: quatrain iu block nasCa'ilo on doriated ground; fligaed 
Mu^tmuod ^iisain oJ^Tubrltl. 0.^ x 0.220, 

54.32. Ferolan, Sufavid period (mld-16th ceutnry). Leaf; recto: o huotlng 
fiCeoOt Lino drawing^ with Ugltt ceiora aud gold, monnted on an album 
page \ verso; Ulumiaatfid text; dark bluo and eold, and black nu^ta-llq 
Bcrlpt X 0-232. 

POnxEt 

5j.ll7« Chtacaep hi Lug djnnaty (enrlj ISth century). Vase of afSorcLLo abnpo; 

fine wblEe porcelain ; glossy, tran^iarent gloxa; decorated In under- 
glBSe blue with OoraJ acroUs^ batching, nod alyllzcd wnvea. 0212 
X 0.132. 

5C124. Chinese* T'ang dynaaty (A. D. 013-006)* Circulsr dish on three low 
feet; buff-white da; t soft lead glaxeo^ transparent green^ hro^n. And 
blue; Uupressed decoration of aoral inotl& aurrouadlog a dying 
gooae* aoe4 x 

M-155 . Chlneaep Hau dynasty (207 B. C^-A* D. 220>* CjHndrlCAl covered jar of 
t±Le tyiK Hen on tlrree law feet; soft brick-red clay; soft, dark-green 
toad glnie, yellowlah brown Idslde; dceoratiun molded in rellat 
0*107 I 020L 

5C127. Chinese. Cb'lag dynasty. Cb^lendung period (Itae-lTOO). Bottle-Abnped 
vase with "oflloa mouth"; fine; wblie porcelain; glossy, tr&naparent 
gia^e; decorated In delicate enatnel colora, a wemnn und two boja Jn 
u hiudaeope, poem lb hlact three almulated seals in red: 4-churaeter 
Chien-ltmg mark Lc gray enniueL on the base. OATZ x 0.095, 

54-123. Japanese, Tokugflwa period (ITth centnry), Cbrysanthemum-sliajted 
bowl of Kaklemon ware; fine, white porcelain; lustrous milk-white 
gtaxe, brown rim. 9.005 x Oil2h. 

65E Turktsb, Ottoman (lUth century), probably Imik. Diith with flattened 
rim : buff clay, transtiarebt glaKe; dccofatlon of dural motifs In i^bAlr 
and some tarquotoe blue; base glazed. 0.06S x 0^75, 

!55.&. reralan (late 12 Eh century I. signed Hasaa al-Qflshflnt PowJ with ocla- 
Eocal rim and high foot; soft eartbenware; soff, cream-white glnso 
with aptoaheii of blue; decoration molded In day, large naikAI in- 
script lorn smnU *n|Io signature, arabesqae gtonnd sad band of 
leaves. 0.UT % 0.132. 

Total number of accesaiona to date (mrlodiug above) __10,952 
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REPAIRS TO TER COLLECTIONS 

Hiirty-sbE Chiii^ and Japanese obj^ts were restoredi repaired, 
or renioimted by T. Sugi ura^ N. Raw ley strengtiieBed the join ts 

of a Chinese gilt bronze by soldering and mended a Japanese lacquer 
bos with silver nailsw 

CHANCES IN EXtnEmONS 


Changes in exhibitiona totaled D&5 as follawa: 

Etching _____ _ __ 32 

Lltlio^aplis ___-_____, 15 

on palstlDgA.._________ 34 

Pavtela and dm wings______ 23 

W* ItrtoLurs - __....IS 

CtUaese art: 

Bronxe:_ 201 

Jade—____ . _____ -42 

PjiinrlngR OT 

SilTer and alli^er flit__________ gS 

Stone KMilpture___________ £ 

ClirLBtEan art; 

CrystaL __ 4 

Glofia^_________ 12 

BfaoQBcrlpca___ Sfi 

Metalwork ___ _ _______ 3fl 

Palntlpga_ 26 

Stone flculpture-^^______^____^ 1 

Japanese art! 

Lacquer_. _ _ _ _ _ . S 

Paintings_ 2a 

Pottery-—-—-- 15 

Korean art; 

PalDtlngf__ , .. -— ___60 

Near Eastern art; 

Bookblnillnfa_ 10 

MkauacriptoL^^-~— -1i 

Metal worlt^^,---— ---SI 

Paint Lnfa_^_—-^-— S3 

Pottery_— ---—— -- 42 

Stcine sculptnre—— -—- - ——-——— 1 

Woodcarrlng --—^ ^-- - ... 1 


LIBRARY 

AccesaioDs of books, pamphlets, periodicals, and stndy materials 
totaled 802 pieces, of which over half were received by gift or exchange 
from generous friends and institutions. 
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AKNUAli REPORT SMITHflONIAK asSTlTUTIONj l&flfi 


Cataloging included 471 analytics, 219 books and panipklets, and 35 
titles recataloged and reclassified. A total of 3,188 cards was added 
to the catalog and slielf lists. The specialized nature of the library 
and its unique importance for the study of Oriental art are under¬ 
scored by the fact that less than 10 percent of the necessary cards are 
available at ttie Library of Congre^. 

Six bibliographies were prepared in response to outside rMiuests, 
and two were made for Freer Gallery publications which were al^o 
indexed by the librarian. In alt, 4315 items were bounds labeled^ 
repaired, or mounted. 

Since December 3, l9Mj the library has been closed to the public 
for extensive reconstruction, including tlie mstallation of steel stacks 
and special folio shelves. Rearrangeinent under way and to be com¬ 
pleted at the time of reshelving involves discontinuing the old 
geog^phical divisions and shelving of all Western materia) by clasa- 
ficRtion, and moving all periodicals from an obscure elowt into the 
Ebraiy* Oricntalia will be cataloged and shelved separately as before, 
but all have been marked with special insignia for ready identifica¬ 
tion. These changes wiil greatly increase the librarian's control over 
bar material and facilitate its iise by the staff and the public. 


pobucations 

Four publications were issued by the Gallery as follows; 

Are Tlieart^ at Ifllam 041 ^ ElJe Eftst, vol. I, 2^ pp. + 90 collotype pla 

and text niho. (BmLUuonLEn Pubt 438^. FutalUihed JoiaUr with tlie Depart¬ 
ment of Fine Artfl, Dnlvcrilty of HlchlEon, Two membera of the (Staff 
contrihated to this iBone.) 

Qetteua, Aatlierforil J., and UsjJtoa, tf«rUtQ if.; AlistrRCts of techalcal stndles In 
nrt end arcbneoloEr, lB43“ift52. 40S pp. Occaslone] Panen, toL No 2 
(SmltlisonUnPabl.-UTS.) ‘ ' 

The Freer Gallery of Art of the Smltheanian InaUtutton. Bcrliwl edlUon 1C 
K), + » halftone Illustration and 3 plans, (Stnlthscmina Pubi. ' 

Annotated ontUnn ol the histoty of Japanese art. llarleed edition, (Maid- 
gnphed.) 


Fapem hj staff members appeared in outride publications as 
follows: 

-. ComciTmlMtlon on IJalmimt'n paper oft Chinese |«,r«|ai,«, u, p„. 

Ceroinfo ,Baftenn, roL VI, No, 4. aerial No S3 IBIM ' 

-. The art of GandhAra, m BalUmore Mnsenm of Art Jf™;, No in lorn 

Fttln^hanten. R,: The -anate-eatfag Btfle" In ihe i* 

Jfedlerol Bludle, (n honor o/ -41her/^jJn« 

-. D. 8. Bl«. The baptlactra d^t ^rPa^^i^- 

if«rtB»WorW,TOL«.No.L ’ ^ ^ 1“ i*** 
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Kctlu^Amen, H.: Harrj' ^V, Uaztird, The Dumieatetic hlstoiy of Inte medleral 
North Africa (Nmciliiiiiutlc RtuAtea No. 8^ AaierJcsn Namlaiaatic Society, 
Nctt Tort 1652), tcvlewed in The VtteHm IForltf, toI . 44, No. 1. 

Cettoos, R. J. : Catd&m snlpliato lainetalB In the £iomidii of It allnn palntih^, la 
Studiet tn COHtervatloit, No. 4 (co-anthor vith Ulsa Ho it Mroac). 

-. A vlBlt to on anctent eypsnm quarry In Tnacony, lu Studiet In Conterva- 

Non, No. 4. 

Stem, H, P.! James A. illeheaer. The floating world. New York 10Ct4, teriewed In 
The Saturday Jleeiete, Jan. i, 1955. 

RKPRODUCTIONS 

The photographic laboratory made 4,SSI items during the year 
as follows: a,763 prints, 503 negatives, 1,527 color tranapai-eiiciea, 39 
black-and-wliite slides. Total negatives on hand, 10,35(1; lantam 
slides, 0,213. 

Two reproductions of objects in the collection were completed by 
the Alva Studios of Jfew York and placed on sale, 

BUILDING 

Hhe general condition of the building is good, and maintenance 
and operation have been satislactoiy. ITie exterior needs cleaning 
and pointing and water valves need repair or replacement throUirh* 
out Air’Conditioning is badly needed and there ia hope that it may 
be installed in tlie near future. Fixtures for fluorescent lighting are 
on hand and will be installed shortly, A new 500-gallon hot-water 
tank was put in operation. Complete redecoration of the exhibition 
galleries was begun under contract in April but came to a standstill 
after one week because of a local painters’ strike. Work had not been 
resumed as tiie year ended. All offices, laboratories, storage rooms, 
and shops are in sore tieocl of general upkeep such as pain ting and 
floor covering. 

TJie major work of the cabinet shop was devoted to the reconstnic- 
lion of ilie library including rearrangenieijt of (he sjiace, installation 
of steel stacks, new ceiling, aod new lighting feeiiidea in stack area. 
^Miscellaneous otld jobs related to storage, exhibition, restorntion, 
crating, and maintenance of office und Gallery equipment continue 
03 usual. 

Court planting maintains steady grow lit, and, os the year ended, 
plans wera midor consideration for major alterations in the pTiinting 
and for a revised maintenance program. 

ATTENDANCE 

The Gallery was open to the public from 9 to 4:30 every day ex* 
cept Christmas Day. The total number of visitors to come in the main 
entrance was 88^5. The highest monthly attendance was in April, 
11 ,318, and the lowest was in December, 2,042. 
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There were 1 ,S 6 & Tisitors to the o£Ece for the following purposes: 

For general InformatJoD._______________ 60 ® 

To flobnift objecti for fti AmlTia tin n ____gT4 

To #ee staff memberfl_^______ _ 133 

To take pbotogTAphia in court or oslilbltloD gnllerl^_ 121 

To stodj- la library___—_ . __*07 

To scfO buUdLiS^ aad iaatallatloDa__ - 30 

To cxaiqIdo, parebaaop or liorro^? aJl 6 efl____ £& 

To aketeb la gaklerlce____________ u 

To OBO Horafda Archlye-^^________ 1 

To see objects la storage; 

Fht EaBlcrti paSatib^ aad Uxtllea_r™,—_ lOS 

Far EflifteTik aietalwork.^.^^______ _._ _ _ 20 

Far Eastern pottjerjr_^_____^ _. _ 69 

Far Eastern jode, Id^aerp wood. Ivory, 33 

Near EaBtero paluclagp mlidHtDreB, ItSS___ 30 

Near Eahtern mctalwork—^_ _ .- _ 3 

^fear Ea^Eera potlery^^^^._______ 11 

Near Eafllem gl^tss, boekhladlagi!, _ 8 

CbrbfUan Art (Washington MSM.) -- ___ (53 

Aaierlcan __ ___ _ _ ., 133 

■Library clo«ed iif trr D*e^ % 1S34. 

AUDITORIMM 

The 3 m*ies of illustrated lectures waa continued as follows r 

October 20 . Boame Jenyus, Britlab Mnseim]. ^Kaklemob Porcelalne of 
Japan," Atteodaocc, 123. 

NorezDber 16, By* Sdbiiyler Caojinnimp TJtii reraity Mg.^^xDp PbilAdeIpbJt. 

“ByznbotlHm In Qilueae Bronze Mlrrort" AttendDnce, I'gg , 

Ifitf 

Jan nary la George N. Katea '^Chinese HonseJioId Furcltnre." Attendance 
20L 

Febmnrj 16 . Prof. Sirarple dcr NoreiksslaD, Dumbarton Onka. “Annenlan 
lUbMlnated Moouacripts In the Freer QaBery of Art*" At¬ 
tendance, 22a 

Afareb J5, Dr. George CL Miles, American Knmismatle Society* ^"Arabic 
InBerlpUoiia In Art and History.” Atlendanee, 96, 

April 19+ Eliot O'Hara^ '"Oriental Bmabwork."' (Afotlon plcturea.} At¬ 
tendance, 330. 

In addition} one staff mejnber goTe a lecture 115 the auditori um t 

lAIS 

March 16. Dr. EUlnEhnuaen nddtetiBed toembera of the Atnerlenn Asnoria- 
tJon of Uplreraltj Women. ArllngtoD Branch, and otben on 
Near Eoaicra nrf in the Freer OaUay, Attendance, 45. 
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Fire outside organizations used the anditurium as follows: 


im 

NoTetnber IT. sjuiDaore^l by the Srslth^Kiaia lostltotloii. Dr, KcnraO 

Z. Lorenzp Dlroctorp RwA^h Institute to? €omparat[?A Ktb- 
nolofiTi &laji PI^cJe laAtUnEev BuldeBn Wesrplialla^ dpr2iia4iy« 
^'E¥ulutlon of BcliavJor Falt^nui Id AhUdiiIl^' AtteuOaDCAp 350 l 


jttff 

Febmary A 


Uarcli 30^ 

May 7. 

May 14. 
May 21, 

lUDB ^ 


Lechire aDOfeeorec] by the Arcbaeoloi^cal institiita of America and 
the SraltbBoniaD InatltiitlocL Prof. Stimoor Croabjp 

■'£xe!aTfltlf>Ds tn Ui& Abbey Cbarcb of St-l>eDliL‘" (Matlon pL& 
torea.) Atteodaacep 414, 

Far Eaetem AseocLaClon fArt SecHoo}. A. O. Wenley, Cbatr- 
ismiL IL P, ^icm read one of tb? paperi, Attendancej 2A 
National Capital ParkA Camp Caunsellort tnUnlng course. 

Attendenw, 1ST- 
{Same.] Atteadaoce, Td 
I Same.] AtteodaDcei m 

Aiuert(mD AbsocIbHod ef hSmieaiTiB (Art Tccbolcal Sectloa). 
JL J- Getteoa read one of tlio fmpetiL Atteadjiace^ 350. 


STAFF ACnVITIES 

The work of the staff meubots has been deFoted to the stbdy of new 
ftocessions^ of objects contcmplftfccd for purchase, and of objects sub¬ 
mitted for examination^ &s well as to indl?idua1 r^earcb projects in 
the fields represented by the coUectlons of Chinese, Japanese, Persian, 
Arable, and Indian materials^ Heports, oral or written, and exdusiFe 
of those made by the technical laboratory (listed below) were mad^ 
on 4,111 objects as followst for private individuals, 2,23S; for deal- 
ors, 1,427; for other museuins, 451. In all, 482 photographs were 
examined^ and 680 Oriental language inscriptions were translated for 
outside individuals and institutions By request S4 groups totaling 
611 petsons met in the exhibition galleries for docent service by staff 
members. 

In the tedmkal laboratory 43 objects from the Freer collection 
and 37 from outside sourcea were examined. Investigation of the 
copper corrosion pi^odnct on and cut Egyptian bronze was concluded 
and prepared for publication sa the identification of a mew mineral 
X-ray diffraction studies of copper corrosion products were com- 
tinuci^ and similar studies of jade objects in the Freer coUectiom wets 
begun. Analysis of inlays on anciomt Chinese bromtes waa begum. 
New equiptiicnt included platinum gage eltxitrodt^ and stand for elec¬ 
trolytic analysis and two new Tamps for comparison microscope. 

By invitation the following lectures (iJltistr&ted unless otherwise 
noted) were given outside the Gallery by staff moiubera: 
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Julj 20. 


23. 


ISSS 

JDDuaiy 13. 


AJarc'h 20, 


Dr, EtUngbMDiMsn leetilr^ at the Art Hlatorlcil iDAtltaten 
Istaobiil UnlT^rBlty, Istanbul, Turkey. "Turklah and la- 
lumtc A^t \n the Freer GuRery of Art" (in German)* At- 
teodance, 50. 

Dr+ Ettin^bausen at tba YlctorSa and Albert Meseam, Lou¬ 
den, addr^sed atalf membcrB of tbat muaeum and the 
British SlnseutiJ who are intere&ted in Istlflinic arL 
“Islamic Art in the Freer Gallery of Art^ Attendauce^ 5. 

Mr, Wenley addressed the BejlionU of the Smithsonian In- 
atltotloa. 'The Freer Gallery of Art—^^A RetrospeetlTe 
Glance;" 

t>r. EttlujghanseaH at Arlington Unitarian Chureh, Arling- 
toDp Va, ^Shiite Islam'' (not I1liietmted>. AttcndanceH 
Oft 


MArch 23, Br. ICttlnghansen, at Vienna Episcopal Chnrrli, Vienna^ Va. 

"Iran—Land and People,^ Attendsnee, 85. 

Uareh 20. Dr. Ettlnghauain, at the Cwoos Cl ah, WashinijEton. '“Tn 

pursait of Art Treaeures la Iran.'^ Attendance^ 250. 


ilembei’s of tlio staff ti^itveled outside "Wnshington on of&cUl biisi- 
ncssa as follows: 

lift 

•^uly Ettinghausea continued his studies in the Near East 

November 1. nnd Europe. In Iran be worked In Tehran and also vlallcd 

aiashhod and the al of NIabapnr and Tua He then pro¬ 
ceeded to latapbtil. Vienna, Mtmlch, Berlin, Paris, Marie- 
moat f BelRtnm) p London, Oxford, and Cunbrldfo where he 
attended the 23d International C^ngr^s of Orientalists. 
En rente bome be stopped In Dublin to stndy the famooja 
collectjon of mnna^lpta in tbo library of 31? Chester 
Beatty. In all dtlea he y lari ted eoIIecGons and coiiferred 
with scholars; much of the time was devoted to the sttldy 
of mnterlnls rolatlnj^ to the Shflh Jdhin alhnm which he 
is prepnrlnjr for ptiblJeatlon hy the Freer Gallary of Art, 
and to firranldn^ for contrlbottocLa to the new Jonrnnh 
Ar$ 0 r(efi(£iJ( 4 . 


September 13-^13* 


October 


NoTomher d. 


NoTeinber SL 


Mr. Gettnii In New York ottmded of the Amertcao 

diemlcfll SMietj ; tueiiected the reatoratloQ loboretoriefl 
of Jonepli Terabach, the BroohlTn Museam, aal the filetro- 
polltaa Miiwum of Art; in Phllidelphlft etteoded the 
)IJcn>oliemlcal Synajmsiom aiid the Intercmtlonal CDneress 
and Expoi^ltlon of Instruinents. 


air. Getteiu In Oberiin, Ohio. TWted He iDtenunsetiin r.ab- 
oratory to tlbcnsa restoMtIon nethoda hdH toebnignea: 
examined cbj&cts La the laboratory^ 

Mr. Pop* ti, Alfred. N. Y.. attended the meette^ of the Far 
EMtern Oeratnlc Gronp held at the New Torlt State Collet 
of C^ramloi, Alfred Uatrersity. 

Wenlesr in Ann Arbor for Dfiwtin^ of the Freer Fund 
Committee at the 'Dnlrcrelt.r of MlthimTi. 


flECBETAHY S HEPORT 


S6 


19. 

DecciJiiber 1-C. 
Docemb^r 13-16. 

D^Mber 21-22. 

its& 

JaDiiarT 

Januar^r 26-51+ 
Janaarj 27. 

Fvbiraary 10-22. 
M&Tch 10-17. 
Mareb 50. 

AprU 2S-27. 

Slaj 29. 

May SO-31. 


Dr- EtttDgliaiLBeD In BalUiaore examined obj^eta In tbe 
BaltLinora Mu$euin of Art and Uie Walters Aft Gallery. 

Mr. Pope In Stvr York examined objects belongtae *9 deslers. 

Mr. WeaJey In Kew York examined objects belonslDg to 
ilealera. 

Mr. Wenley In Cierejand to Tlalt loan exhibition of CMneso 
landscape pnJnUoK tbe acveland Museum of Art; ei- 
OEiiloed objects In musetiin and belongiOE to a dealef+ 

Mr, Wenley la New Y'ork eitmilned a priyato coUectlan ol 
Cbloese furniture offered for sale» ^lud also objects belong- 
ioE to dealerA 

Dr, Ectlnekauat^n tfi New York examined objects beloofing 
to dealerai and In moaonms and prirato ooUectlons. 

Mr. Goltena ia Baltimore at tbo ebomlcal Laboratory of tbe 
Jobna Hopkina Ualreralty to obswve progress of tbe work 
on tbo Dejid 3en Corolla j at tbe Wallers Art Gallery Tislted 
the tediujcaL laboratory to examine equlp(n]ent+ 

Mr, intern In New York e-xamltied objects belooglng to 
dealers, mu^uma, and the New York Public Library. 

Mr. Wenley in New York exaniUied obierts belougiag to an 
ofitfLtOt and others belonging to a dealer. 

Dr+ Ectinghansen and Nir+ Gettens In Bnltiniore e^camlned 
objerta at the Walters Art OaJlerj, 

Mr. Wesley tn Ann Arbor for nieeUtig of the Freer Fuad 
CoDunlttce at the Unttcralty of Michigan: exnmltled ob> 
Jects la a private tollectlcm ; dSj^euaaed problems of printing 
Art Orfeafiaha with the Gniyerslly PrSKi, 

Dr. Ettinghausea In Raldmore examined objecta at the 
Wakera Art Gallery. 

Mr. Wenley Ip Baltlniorc for meeting of the Assoclfitlon of 
Art Mnscnm Directors at the Baltlmoro Museum of Art 


llennbers of die staff hold lionomry posts, received iflcognition, and 
undertex^k additional duti^ outside the Gallery as follows: 

Mr. Wenley: Meinbor* Visiting Committee, Dumbarton Oaks Resoarch 

Llbniiy and CollecGoA 

Research Professor of Oriental Art, Dcimrtmeiit of Hue 
ATt 4 », UnlTcraliy of Michigan. 

Board metub^ of the Bofttd of l-nlted States Civil Servlee 
Examiners at Washington, D. CX* for the Smithsonian In- 
rtltatlOA 

Membor, Board of TmsiecSi ^Textile Museum, Washington, 
D. C/ 

Member, Board of Tmstcee^ HermltaEc FonadatSonp Norfolk, 

Va. 

Member, CauncLl of the Far Eestem OenunJe Group. 

Member. Smithsonian Art Commlsalon. 

Member, ConBuJtatlve ComnUttco, Ar« Ortenfalii. 

Chairman of the Loiilse Wallace Backney Scholarahip Com¬ 
mittee of the American Oriental Society, 

Memberp Bouse CSommlttee, Co«mo« OInb, Wtshlagton. D. C. 
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Mr. WenleiT! On July Sli ]£)54| mad^ a tape mordUig df a ibort tali aa 
CtilEi&de brauxea, for OM on Collector’s Items prc^m 
(NBC>. 

Oa April 4,1055p at th^ Ffatlonal GaJleiy of AfU alteadiHl a 
meeting of tbe Washlogtoo Comailttee aa Arraoiteinanta 
for tha anjliiaL meetlug of ttijo Ansrerlcaa Ajdaoelatloo of 
Mosetuai^ 

Mr. Tope: Praaideat, Far EaBtarti Oefamlc Group, 

Art Editor, Far Batttm Qmartcrlp. 

Member, EdHorlat Board, Archiee* of fAo Chirwte Art A'aafofp 
of America* 

Member Board of Wasiilii^oa Society, Archae- 

olo^cal lostltate of Atnerica. 

American Meoiber^ CoainittatlTa Cotnialttee, lateruatfopfl] 
^blbltloa of Clitnese Art, Venice. 

Member, Art Committee, Cc^moa Glnh. 

Prealileal, AnsoelatioD of iba Boatbem Alumni of tbe FhlUipa 
Rxoter Acodemj, 

On AuKUat 20. IfltSA, at tbe Biudloa of WCFM. made a tape 
iiecorafaa. '"The l^eer Gallery of Art,'^ for the series of 
proEramfl ealled 'The Wasliluetou Art Scentp” a series coo- 
dueled by Mrs. PotLEter, art critic of the Waidiingtoii Post- 
TUuca Herald. 

I>F. E^tllDaltmufieu: Research Pfofeeaor of Islamle Art, Department of Fin^ Arts, 
University of Mlebifan. 

Neae Eaarfern editor, Jrt Ori^taiU. 

Member, ^Itorlal Board, The Art RaMeIfn. 

Trustee, American Beaeareb Center lu Ugypt 

Membefp Oomltala IntemazloiiAle dJ PairouatOi Alosee 
IPlernsJiloDale doBo Ceramlclie, Faonaa, Italy, 

Oa !3atiudny, March 13, 1&55, appeared aa TV probata 
“What la the World*" la Fblladelpyap Fa. (UnivetBitj 
proipani,) 

On March 25> was nne of three Jurors at the Annual 
Art Fair held In AlGiandrla, Va., under the auspices of the 
Aleyaodrla Junior Women's dntL 

Mr. Gattehi: Assodate IWltoTp fifiurfie* in Cthiservatim puhHsbed for the 

Iciefimtlonal Instltaie tor the GonaervaUon of Mnsctiiii 
Objects. 

Abst rector for Chemfool ANtrncft, American Cbemtcal 
Society. 

SpouRor of the Artists Technical Reaeorch Instltnle, 340 
Enot 2lkh Streetp New York 3p New York. 

SmUi C&rrtepoodetKe, Cratro <]« gtorta flrtla UotaUurtIa 
(Asaoclntlone ItolUmt 61 Ueiallqrtta). Vli Mascova 1«. 
Ult«no, 

CoaMltant, Advisory Board of ths Internnweniii Coiuerva- 
UoB Aaaoclatlon, Oberlin CoUege, OiierTlo, Ohio, 

Mcnibor of t&e Commute of Soleadflo Uhomtorieq. later. 

^tlon^ CoUDoll of 10 Pa^c da Ctaaiiaatonalrfl, 

BriExellea, BelRtque, 

Vl« Praddoat. Waablogtoa Sodetj, Ardmoologtcai InaUtat* 


I ScorUrr'i Rcpocl, IfiS'S 
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RKcat td^ttom to the eoUectJoii of the Freer GiUeiy of Art. 
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Mr. Stem: Memberp IbQ Procmia CominJitee of th% Far E&Mem Aaso- 

cladoiL 

On October 12^ attended a ine^tiag of the Coimdl of 
Art UnaDiuna* at Uia SmtUisobian was mp- 

polnteO cLtalrman of a committea oa Guidebook tot 
MuseiicuH In WaahEiiatOIl, D. CL 

Cte October 21,1064, made a Capo rocondlng for tbe Voice of 
America on 'The Freer GaUory of Art and ita Colleetlona." 

On February 1. iftRj, took iir. Suglnra to Vice President 
Ntron'a oMce where they aaatmbted a acJt of Japanese 
ariBOt. 

Mr, Sualura: Oa October 2S, 1054^ made a tape recordCna in Japaueae for 

tbe Voice of America an ^Tbe Freer GaJlery of Art umd 
Ita Collections^ 


BespoctfuU^ submitted. 

Dr. Leonard Cahmicbael, 
Secretary^ STnitAsont^tTi 


A. Wekley^ Direclor ^ 


SToaao—flo 




Report on the National Air Museum 

Sm: I lave tiaa honor to aubniit tlie follow'ing report on the actiTities 
of the National Air Museum for the fiscal year ended June 30,1955; 

STATUS OF PROPOSED NATIONAL AIR MUSEUM BUiLIUNC 

The advancement of plans for the ccHistruotion of the National Air 
Afoeeum building involves procurement of a site and planning of the 
structure. The requirements for a site are that it shall be of adequate 
size, in a location accessible to the maximum number of visitors, and 
close to other Smithsonian buildings. The most desirable site would 
be on Independence Avenue between 9th and iSth Streets, south to 
C Street On November 5,1954, formal application was made by the 
Secretary of tlie Smitivsonian Institution to the National Capital 
Planning Commission for assignment of this site to the National 
Air Museum. Action by the Commission was delayed by tlieir con¬ 
sideration of a plan for developing southwest Washington submitted 
by the New York firm of Webb & Knapp, headed by William Zecken- 
dorf. On June 14, 1955, the Secretary of the Smithsonian Institu¬ 
tion, using a large map especially prepared for the purpose, showed 
the Commission that the location of the National Air Museum build¬ 
ing on the proposed site would not conflict with the Zeekendorf plan 
but instead would enhance the South Mall, wliich is one of the features 
of til at plan. With the close of the fiscal year, action on this appli¬ 
cation was still pending. 

In the previous annual report grateful acknowledgment was tnade 
to the Aircraft Industries Association and the Air Transport Associa¬ 
tion for providing the Smithsonian Institution with funds for a study 
of bnilding plans for & National Air Museum building. The archi¬ 
tectural firm of McKim, Mead & White of Now York City was chosen. 
The study began early in July when tlie Navy made available to the 
National Air Mnseum a helicopter, pilot, and photegmpher, and 
riews of the Mall area were made from various angles and altitudes. 
Shortly thereafter the architects made a detailed examination on the 
ground of the recommended site and studied the requirements of the 
building. 

It is important to realize that an aeronautical museum has never 
yet been constructed. Existing collections of aircraft make use of 
existing buildings. For example: a group of notable aircraft in Ger¬ 
man j, prior to World War II was displayed in a railroad station; in 
France, their famous air mementos are in a ffirmer balloon assembly 
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shed; and tliose in England ara in the Sonth Kensington Museum^ 
which was built for general scientific displays nnd not specifically for 
fiircrafL The United States National Air l^fnseum exhibits are 
liDLiscd for the most part in a World War I hangar, while tlie Wright 
brothers' original **Kitty Hawk Flyer^'^ the Spirit of SK Loni^, the 
Winnie Mae^ and 14 other famous aircraft are inadequately displayed 
in the Arts and Industries Bnildlng constructed in 1880. 

The architects werej tlierefore, undertaking this work without pre¬ 
vious examples to guide them. More tlian 80 separate plans and 
renderings were prepared and from each concept tlie best features were 
selected. One of the moat imptts&ive details was the plan to enshrine 
the “Kitty Hawk Flyer” in a aesne reproducing tlie historic moment 
when man first flew in a powered heavier-than-air craft, December 
17, 1903. In a full-scale diorama the airplane would be ©eon just 
rigitig from the ground, Orville at the controls, and Wilbur running 
beside it, the amazed Coastguardsinen in ths background, and with 
the sheds built by the Wright brothers and Kill Devil Hill in the 
distance. Next would be the Hall of Famous Flying Firsts exhibit¬ 
ing eight outstanding American pioneer aircraft; and beyond that the 
main e.xhibition hall where about T5 aircraft induding commexciaj 
types^ fighters, bombers, racers, seaplanes^ boats, autogyros, 

helicopters, and lighter^thfin-air craft would be arranged, some shown 
on the floor to pemSt dose technical study and others suspended as 
though poised in flight Other unit displays of this first trua aero¬ 
nautical museum would feature the old wood-and-wire craft of the 
“Early Birds,” heroic warrior planes of World War I, interesting and 
unique experinientnl types, ex-enemy planes of World War II con¬ 
trasted with our own victorious fighters, tedmical exhibits showing 
details of aeronautical developments from the flight of n late to the 
sonic boom, dioramas illustrating the varied and valuable uses of 
aircraft, an aeronautical Hall of Fame, provision for special displa]^^, 
and manufacturers' shows, together with tlie necessary facilities for 
miiseiun operationa- 

Two scale models of this Air Museum building were constructed, 
one showing the early layout and the other a mora reoent refinement. 
As the fiscal year came to a close the architects were preparing esti¬ 
mates of cost and eomputat ions of the cubic footage assigned to specific 
purposes. 

ADVISORY BOAED 

Although no forma! meetings of the Board were held during the 
year, contacts were maintained with all member©- Their assistance 
was very helpful. The Air Force member, Ma]^ Gen. George W* 
Mundy, made several visits to the Muffium, studying the oollections 
pertaining to the Air Force and discussing their improvement with 
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tha Secretary and the head curator. General Mundy’s aido^ 

John P. Clowiy, and the curator of Air Force Historical Properties, 
Henry Caidwell, cooperated with the head curator in planning a 
group of fire displays featuring the role of the air arm in warfare. 
These eiliibits are under construction. By direction of General 
Mundy, repairs and improvements to Air Force planes in the Museum 
were made by personnel of Bolling Air Force Base, who installed 
engines in America’s first jet airplane, refinished all struts of the 
Douglas World Cruiser, re-cover^ the tail surfaces of the World 
War 1 Voisin bomber, and painted tJia cowling of the Spad-XJII. 

Tbe Navy member of the Board, Rear Adm. Apollo Soucek, aided 
the Museum by approving the transfer of significant naval aircraft 
items. Toward the end of the fiscal year Admiral Soucek was forced 
by illnes to relinquish his duties, and it was with a keen sense of 
loss that tbe news of his death ivas I'eceived shortly after the close 
of the fiscal year. 

Grover Loening continued to give stimulating advice; it was at 
his suggestion that the cooperation of the Aircraft Industries Associ¬ 
ation and the Air Transport Association in financing Uio arehitec- 
tiiral study for the proposed new National Air Museum building was 
sought and obtained. Tlie other civilian member of the board, WilUam 
Stout, during his visit to Washington in April, took time from a busy 
program to discuss the progress and needs of the Museum. He has 
aided throughout the year in procuring exhibits and enlisting the 
cooperation of air lines and aeronautical manufacturers. 

STEPHENSON BEQUEST 

The statue of tlie famous pioneer of air iiower Gem William 
Mitchell, provided for in the bequest of George H. Stephenson, of 
Philadelphia, is progressing satisfactorily. By the fall of 1B54, the 
Eciilptor, Bruce Moore, had completed his initial study in ptostiline, 
one-third size. It represents the General in World War 1 uniform 
standing beside his open-oockpit airplane, braced against tbe air- 
stream and ready for flight. After approval by the Secretary of the 
Smithsonian Institution, on October 28, 1954, tbe model was cast in 
plaster and submitted to the Commission of Fine Arts, by whom it 
was approved at their meeting of February 10, 1955. The formal 
contract between the Smithsonian Institution and klr. hfoore was 
signed April 7, and a duplicate cast of the one-third size study was 
deposited with the Museum to insure the preservation of the original 
concept during tlie making of the full-size enlargement 

SfECiAL EVENTS AND DtSPLAVS 

On October 26,1954, the National Air Museum was host at an eve¬ 
ning meeting of the Institute of Aeronautical Sciences, Washington 
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chapter. ThB subject under disciiBSion wm the development of htiman 
flight, and each of the three speakers eminently represented the period 
assigned to him. Gen. Frank P. Lalim, US^ retired, descritid hia 
first flight in lOOS when he rode as a passenger with Orville Wright, 
told of his early training ns one of the first two officers assigned by the 
Army to receive flight instmetion^ and of his experiences during tlie 
period of the first World War, when he performed outstanding serv¬ 
ice. OoL Bemt Bakiien, renowned transaGantic, arctic, and antarctic 
flier, opoke of the *^olden Age” of aviation when many famous first 
flights were made. Ho recalled hie experiences with Admiral Byrd, 
BonJd Amundsen, Sir Hubert Wilkina, and other fliers of the l^SO’s 
and l&30^s. The present era was represented by Maj* Arthur Murray, 
who Imd but recently piloted the supersonic Bell XI-A airplane to 
a new worlds altitude record of feeL Hia description of the 

physical stresses exerted on both plane and pilot at such great heights, 
in rarefied air, and at speeds twice that of sound brought a vivid 
realization of the great extent to which aeronautics has advanced in 
half a century. The meeting was enhanced by a tour of the aircraft 
collection and comparisons between such aircraft as the Wright 
brothers^ “Kitty Hawk Flyer,” lindborgh^a Spirit of SL and 

the Bell supersonic X-1* 

Considerable interest was aroused by the delivery on its own wings 
of the famous mcing airplane construeted in 1931 by Steve 

Wittnian of Oshkosh, WisL, and flown by him and other pilots in more 
than 60 races, winning many events until it was finally retired in 1954» 
It is a small type of “homemade” oiqilane embodyhig excellent con^ 
St ruction and aerodynamics, and has oartied the title “Iting of the 
Midget llaccrs,” holding Eevcral world records for speed and perform¬ 
ance in its class. The 750-miIe flight from O^ikosih to Washington 
piloted by Robert Porter was made in less tlian 5 houig and required 
only 11 gallons of gasoline* The Goodyear Aircraft CorjMiratioii, 
sponsor of national contests w^hich stimulate the designing and flying 
of these little planes, kindly arranged for the formal presentation of 
this airplane. 

December IT, 1054, marked the 61st onnlver^ry of the Wright 
brothers’ first flight. On that date, the Early Birds, an organization 
of pioneer fliers, unveiled a monument on Governors Island, Jfew 
York, to the early airmen who had flown there when that military 
poet included an aviation field. The monmnent is a granite boulder 
on which h mounted a copy of a Wright brotliers’ propeller in bronze* 
The pattern for tliat casting was one of tha propellers from, the first 
military airplane in the world, built by the Wright brothers in 1W&, 
and preserv^ in the National Air Museum. Tha monument waa un¬ 
veiled by a hidicopter, which lifted a parachute canopy from the 
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bouldcsr^ The head curator represents the National Ait Museutu at 
the ceremonj and spoke of progress nnd plans for better e^ibition of 
the national areonautical collections. 

For the meeting of the Smitlisoninji Institution Board of Regents, 
on tfannary 13, 1955, there was prepared a special eaJiibit of an 
ejection seat us^ in niodern military aircraft- Photographs showxng 
the ejection, release of the seat, and descent by parachute, illustrated 
the utility of this apparatus. 

This year the National Advisory Conrnnittoa for Aeronautics cele¬ 
brated its fortieth anniversary and because the KACA had its genesis 
in the Smitlisonian Institution it was appropriately decided to com¬ 
memorate the anniversary in tJie Great Hall of the Smithaonian 
Building. The principal feature of that occasion was the awarding 
of the Langley gold medal for aerodromics to Dr. Jerome Hinmker, 
professor emeritus of aeronautical engineering at the Massachusetts 
Institute of Technology and a Regent of the Smithsonian Institutioni 
who haa been prominent in the development of aircraft and aeronau¬ 
tical knowdedge for a period even longer than the existence of the 
NAGA. For this occasion the National Air Museum prepared a 
series of 40 model airplanes, all of the same scale and iUustrating 
successive developmenls in design from the Wright brothers^ airplane 
to a current naval supersonic delta-winged fighter^ These were 
suspended above the banquet table. 

William B, Stout has been responsible for numerous developments 
in tratisportation during the past 40 years. One of his many ad¬ 
vanced aircraft designs was the Stout Air Pnllman of 19^4, a high- 
wing monoplane of all-metal construction. It was the forenuLner 
of tJie renowned Ford-Stout trimotored transport popularly called tlie 
“Tin Goose.^ Air Pullrnans were used for inaugurating Contract Air¬ 
mail Route #I between Detroit, Cleveland, and Chicago in 1926. 
The Museum has wanted to add a scale model of this type of plane 
to the series itluMrating the development of postal aviation. Thanks 
to the generosity of the Women^s National Aeronautical Association, 
which encouraged the use of airmail in those critical pioneer days, 
a model was formally pi'esented ou April 16, 1955, at a luncheon at 
whicli Mr. Stout was the guest of honor. His desscription of the 
difficulties encountered aud surmounted in the maniifacture and 
operation of th^ airplanes was sapplemented by Eto^ic^J of Sight 
experieucos recalled by Edward G. Hamilton and Lawrence Frite, 
who piloted the plane on many of its Sights with cargo end airmail. 
The modBl, 1:16 size, was made by Herbert llartwicfc Tlie 
presentation was made by Mrs. Cliester S. Bleyor of the Association. 

The head curator served again this year on the Brewer Trophy 
Committee, which honors leaders in air-youth education and which 
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ia administered by the National Aeronautic Association. He repre¬ 
sented the National Air Husemu at meeting of the American 
Helicopter Society on April 2T, and at the inauguration of flight of 
members of the Ninety-Nines, assoeiatlon of women pilotaj in Wash- 
i ngton, June prior to thei r take-o for Hu TOoa, Cuba, On January 
20, he received the trophy of the Wa^iington Air Derby Association 
lor his promotion of air education and recording of aeronautical 
history. 

rMPROVEMECTS IN EXHTBiTS 

Assistance was estended by the United States Air Force in im¬ 
proving the condition of Air Force plaiira in the collection. 

The painting of the four main halls of the Arts and Industries 
Building required the partial dismantling, draping, and erection of 
scaffolding around the eight aircraft suspended in those halls. Upon 
completion of the project, all these planes required cleaning and re¬ 
pairing. In the East Hall of that building it -was necessary tem¬ 
porarily to remove the three Langley aerodrome models, Uie Lilian- 
thal glider, the Stringfellow triplane model, amd the Gallaudet 
hydro-kite. Renovation of exhibits in the Power Hall of the Arts 
and Industries Building required the removal of two aircraft: the 
Voisin bomber and the Pitcairn-Cierva autogyro; whDe the Instal¬ 
lation of the racing plane Baxter in the Aeronautical Hall necessitated 
the removal of the Pitcairn Boadable Autogyro, A number of other 
planes in the Aircraft Building required repairp These projects 
continued throughout the year and limited the time available for 
preparing now exhibits. 

The Goody ear Aircraft Cor|iorfttion assigned expert personnel to 
remove, reconstruct, and replace the gas-bag canopy of the 
first airship designed to use helium gas, lSM35p It has been shown in 
the Aircraft Building since 1033p Goodyear cooperated witli Rohm 
and Haas in supplying n new Plexiglas canopy for the cockpit of 
tho Republic F-^ Fighter airplane. The I^-att & Wliitney Airciuft 
Division of the United Aircraft Corporation designed and constructed 
a new base for the Type 4360 engine of 3,500 h, p,, which ’was one of 
four that powered the first nonstop flight around the world, accom¬ 
plished by the Ladj/ f/ bomber in 1949, The continued assist¬ 
ance of tlicsB companies is aiiicerely appreciated. 

Three exhibits were added to accredit renowned fliers. From 
Gen. Frank P. Lahm, USAF retired, there was received a group of 
gold medals and other awards given to him and his father, F. S. Lahm, 
recalling the winning by General Lahm of the first International 
Gordon-Bennett balloon race in 1906 and the beginning of military 
aviation in the United States, 1008 and 1000* The story of a World 
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War I ace and Meculive oflicer, Lt. Col. H. H. Hartnej* whose sewice 
extended from the beginning of the war in 1914 to victory in 1918, is 
told in a new display assembled with the cooperation of his widow* 
This exhibit shows the types of aircraft flown and cnconntered during 
that period^ and enables the Museum visitor to appreciate more fully 
the limited training received by those early fighting pilots, their 
heroism, and the difficulties they had to overcome* Another famous 
World War I aviator was Capt. Vernon Castle who was a member 
of the Eoyal Flying Corps in 1916. He served with distinction as a 
combat pilot but after the entry of America into the war was assigned 
to the instruction of cadet fliers at Benbroolt Field in Texas. He lost 
his life;, February 15, 1918, but avoided injuring his student and two 
fliers in another airplane* The story of his heroism is revealed In an 
exhibit prepared with the assistance of lifrs. 0. D. Cook, of Portland, 
Oreg^, and his widow, Irifoo Castle Enzinger* The biographical ex¬ 
hibit of Wiley Po^, which supplements the display of his famous air¬ 
plane TTinnifi Ufae^ has been improved with a map showing the routes 
of his two world flights, the radio from that airplane, and the super¬ 
charger from his engine* Tlie exhibit memorializing Amelia Earharb 
has been improved by the substitution of a bronze portrait for the 
former plaster cost. The portrait waa sculptured by Grace Wells 
Parkinson and provided by the Amelin Earhart Post :j^6T8 of the 
American Ijegion* Underwood & Underwood, photographer, have 
provided a selection of historic pictures for this exhibit. 

The accessions received this year, listed in the final section of this 
report, have each required care in tlieir preparation for exhibition or 
storage. Improved labels have been composed and printed for many 
exhibits but a great deal remains to he done to improve the presentation 
and labeling of existing displays* 

STORAGE 

Two projects continued into this fiscal year, namely, trangfer to 
the Suitland, Md., storage facility of aircraft material stored at Park 
Ridge, Hh, and reduction of the amount of space devoted to storage 
in Smithsonian buUdijigs in Washington, D. C* 

At the close of the previous fiscal year, there remained at the Park 
Ridge storage facility 58 full-sized aircraft, 147 engines, some pro¬ 
pellers and instruments, and all the equipment and supplies in the 
office and sliop. These occupied over £5,000 square feet of outdoor 
spaco and nearly 05,000 square feet indoors. The outdoor area waa 
nsduced to lialf its size by eliminating access aisleB and fire lanea, and 
superimposing boxes wherever possible* The indoor space was re¬ 
duced to an absolute minimum of about 60,000 square feet* 
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It wm suggested to the Air Foioe AdviBoiy Board member that 
the Air Fores would save money in the long run by financing the 
shipment of these Museum specimens, all of which were of Air Force 
origin, to Suitland, Md. Esamination by Air Force storage and 
traffic officials confirmed the fact that the cost of storage and serTicing 
space would in less than a year balance the cost of this shipment^ and 
so the Air Force agreed to finance this movei. By the first of October 
all arrangements had been completed for starting shipments, which 
were organized in three phases: aircraft, engines, and equipment and 
oupplies. A scliedule of four rail cars per week was planned, and 
a target date of January 1,1956, was set. 

By the end of March 1955 the indoor area was reduced to 30,009 
square feet, and all the boxes remaining in the outdoor area had been 
brought under cover. 

The strenuous work during the winter involving tranEportatioa of 
very hcavr loads in bitter weather and over rougli and icy surfaces 
had exacted a toll u^wn the Museum^s vehicles and handling equip¬ 
ment, requiring continuous attention to the repair of the crane, fork¬ 
lifts, truck, and dollies, but with the coming of spring the shipping 
program was resumed. As the final aircraft were beiug moved out, 
engines were loaded on the fistcars and in boxcars, and items of office 
and shop equipment were inserted wherever an opening permitted. 
By the close of the fiscal year, with only one aircraft remaining and 
more than half of the engines shipped, die Pork Kidge unit was 
reasonably certain of meeting the deadline for complete evacuation 
of the storage area. 

Owing largely to the efforts and abilities of the Museum^s senior 
aide, supplementing those of the superintendent of buildings, the 
storage facility at Suitland—about 6 miles from the Smitlisonian 
ezliibition preinisca—was able to keep pace with the shipping pro¬ 
gram of the Park Bidgo unit. The loads of aircraft that b^an 
arriving the second week of Kovember were stored in Building T, 
which had just been completed nt the close of the previous fiscal 
year. Owing to the rapid shipping rate maintained at Park Bidge, 
the entire 20,000 square feet of floor space in that building was occu¬ 
pied by the end of January. Construction of storage buildings 8^ 9, 
11, and 12, each of 4,000 square feet area, built of prefabricated steel 
with concrete floors, was started early in August and completed by 
mid-October. Building 12 was erected on 8-foot concrete walls to 
make it high enough to receive the taller boxes. Material was pur¬ 
chased for Building 10, which is to be constructed during the fiscal 
year 1950. 

By the end of the fiscal year all completed buildings were filled to 
capacity except Building 11, in wMch there is a email space for the 
storage of the engines yet to received. 
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RESEARCH 

The oontinuiiig efforts to improTe the natloual aemnautical collec¬ 
tion, collect reliitcd data, label spccimenis, plan improved displays 
and premises, and perform educational sarrice, require ooustant re¬ 
search in aeronauticul history and development, and museum tech¬ 
niques. In addition, vFhenever time permits, individual research 
projects are advanced. 

During this fiscal year the text for the Dtli edition of the Handbook 
of the Xational Aeronautical Collection was completed and all il- 
Instradons iifisembicd. This edition, much larger than previous ones 
which were limited to describing the exhibited portion of the collec¬ 
tion, will include many of the aircraft necessarily kept in storage 
until an adequate building can be provided, ae it wos felt that their 
interesting histories and important technical characteristics should 
be made kno wn. 

Material is being assembled to provide an interesting and authori¬ 
tative description of kite speeimeus in the Museum collection, together 
with a brief history of kites and their practical utility, and instruc¬ 
tions for building and flying several of tlie principal types. 

THE UNK FOUNDATlOri 

Through the sponsotahip of the foundation established by Edwin 
A. Link, of Binghamton, X. Y., two projects were promoted this 
year. The flrst was tho publication by the Smitlisonian Institution 
of a popular booklet entitled “Masters of the Air,** describing 12 of 
the famous aircraft in the collection. Technical assistance in the 
preparation of this booklet was given by the staff of ttie Kational 
Air Museum. The second projeeWa catalog of the man-canying 
uiix:raft in the national collection—^has been approved by the Founda¬ 
tion and was assigned to the associate curator, who, by the end of the 
fiscal year, had asaembled photographs of most of the aircraft and 
was engaged in writing the texts for each one, 

INFORMATIONAL SERVICES 

The national aeronautical collection lias long since outgi-own any 
characterization as a group of aeronautical oddities. Instead it is 
recognized os a record of progress, and the proof of its value is evi¬ 
denced by the constantly increasing number of visitors and corre¬ 
spondents who utilize these aircraft, the associated documentary files, 
and the exficrt knowledge of the staJf. These requests for informa¬ 
tion have increased nearly two and a halt times in the past three years, 
but during the some period the curatorial staff has been reduced from 
four persons to two, who are eacli, therefore, endeavoring to accom¬ 
plish about five times the amount of informational service formerly 
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□ndertAlv^n^ TltU service requires oiore thun three timed tlie mtm- 
hours apidied to other functions. Evei^ effort ia madej hovreverj to 
maiDtain this valued servico to the. many iuventers, engmeerH, design¬ 
ers, historianSj authorSf teachers^ students^ iind others ’vvho consult the 
liluseum and request assistance in their many projects, all bearh^g a 
relationship to the aeronautical progress of the Nation. The follow¬ 
ing examples are representative of the more than 4^600 inquiries 
attended to this year: 

Tlie Department of the Navj" was oasiated in the preparation of 
articles, including one describing the development of parachutes and 
another recalling the first time that the United States flag, attached 
to an niqdane, was under fire' that was during the operations against 
Vemeruz, aiexico, in 1^14, when P. L. Bellinger was the pilot 
Engineers of tlm Bureau of Aetonauties were provided with facts 
about early power plants, first instances of cannon fired from aircraft, 
and technical data on a jet-engined installation involving receded eic- 
Imust areas, the latter being required in defense of a patent suit against 
the Government* A number of inquiries regarding historical facts 
receiviKl by tlic Air Force OlSce of Public Eelations wore referred to 
the National Air ifuscum. The United States Air Force Office of 
Historical Re^^oixls was furnished with hjographies of noted Air Force 
pilots and with squadron histories- Several graduating clases of Air 
Cftdete were assisted in preparation of their yearbooks where infor¬ 
mation was needed to describe noted events in Air Force progress. 
Discussions were held with officers planning the curriculum for tlie 
new Air Force Academy* Arrnagcment^ were made to trade poriodi- 
cals and books in order to supply missing lasutus. Contractors to whom 
research projeota had been assigned by the Air Force consulted tlie 
Museum for developments in airplane kructui^ and operation* The 
J>epartment of Justice, engaged in assembling information with which 
to consider the claims of inventors against tho Government, consulted 
Museum speciinena and files pertaining to holicoptera, autogyros, wing 
radiators used for the cooling of engines, and the origin of safety 
belts and shoulder harnesses dating back to World War I ond also 
during the earlier period around 1911, An early example of a liigli- 
DS})ect ratio ^abilizer, embodied in one of tlie Museum’s pioneer 
airplanes, provided a helpful source for contesting another suit against 
the Government, An official of tho Bureau of the Budget, engaged 
in preparing a treatise on air photography, was shown valuable refer¬ 
ences in tho Museum library and usehil i I Lustrations in tlie photo¬ 
graphic file. The National Bureau of Standards was assisted in the 
proparntion of scale models of aircraft to be used in detemiining the 
heat locations for electrical installations. 


98 ANNUAL, REPORT SMITHSONIAN INSTITUTION, IflSS 


Fifteon schoola and colleges tii® listed among tha educational organ¬ 
izations that applied to tfaa Museum for assistance, ranging from de¬ 
tails of perfornianc© and design of aircraft to the planning of 
instruction courses. Tho Buffalo Society of KatursJ lienees ivos 
helped in preparation of a special «sliibit honoring the Wright broth¬ 
ers, the Air Education Council was supplied with descri prions of 
Museum aircraft, and tlie National Geographic Society consulted the 
Museum to check details of manuscripts pertaining to aoronnutics and 
noted aviators. The Museum of Science and Industry in Chicago 
was helped in planning a hall to include exhibits of Naval aircraft, 
and the French Musfe de TAir received assistance in the preparation 
of exhibition models of American airplanes. Among the organlxa- 
tions that come to the ^luseum for assistance was the Air Transport 
Association, which requirad information about tho Junkers-Larsen 
airplane of IDIO. Tho Army and Navy Club in Washington, search¬ 
ing for illustrations of air squadrons for its walla, found in iluaeum 
files an excellent group picture of the First Aero Squadron. The 
American Helicopter Society was assisted in planning exhibits for its 
annual meeting, and the Junior Chamber of Commerce of the District 
of CoJumbia received help in planning a contest for youthful model- 
makers. 

Ten authors and four illustrators of aeronautical books consulted 
Museum specimens and records for facta. Many newspaper reporters 
checked deta ils of their stories with the Museum staff, hlagazines that 
turned to the Museum for help included Life, Aero Digest, Popular 
Mechanics, True, and Aviation Daily; and the World Scope Encyclo¬ 
pedia and Aircraft Yearbook depended upon the Museom for as¬ 
sistance in the preparation of several articles. Commercial photog¬ 
raphers received identification of photographs in their files by 
referring to the Museum staff. Model-airplane manufacturets, who 
imter to tens of thousands of enthusiasts of that sport, irquested 
Museum aid to insure the accuracy of their products. United, Capi¬ 
tal, and Fan American Airlines received assistance in preparing ad- 
verrisements and publicity; the Boeing Aircraft Co. obtained facts 
about refueling history; North American Aircraft consulted MuBcmn 
airplanes to check details of engine cooling; the General Electric Co. 
came to the Museum for photographs of early jet engines; and Fokker 
Aircraft of Holland received assistance in restoring its files from 
which valuable records had been lost during World War II. Toward 
the close of the fiscal year three motion-picture companies were en¬ 
gaged in producing pictures about famous events in aeronaurical 
history. Warner Brothers' film on the Spirii of St, Lottit depended 
upon tho original airplane in the Museum for the accuracy of the re- 
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productions being constructed; and their technical csperte assembling 
facte about the trial of Gen, William Mitchell used Museum photo¬ 
graphs in preparing gome of the scenes. Paramount Pictures found 
in the Museum-s three Wright brothers' aircraft^ end in the series of 
scale models showing tjpes developed bj the Wright brothers and the 
Wright Companjj the technical data required for the copies of those 
aircraft now being nmde for the film about Wilbur and Orville 
Wright. 

Padio and television have found in the Xational Air Museum sub¬ 
jects and data for numerous programs. The General Electric Co. 
based one of its oonmiercial announcements adTcrtising tltcir impor¬ 
tant accomplislunent during World War II^ when they made copies 
of the English IVliittlc jet engine to power America’s first jet airplane, 
on a visit to the National Air hluseum eshibits. Fulton Lewis^ Jr,, 
stood beneath the of St. Loui^ while he described its importance 
in stimulating confidence in the reliability of aircraft and thus giving 
great impetus to the progresa of commercial airlines, Arlene Francis, 
in her Home Show, told her audience about one of the Museum^s 
helicopter exhibits; and some interesting facts about the development 
of helicopters were related by the head curator in the “Collectors^ 
Item^^ radio brnadcasL In a series of television programs broadcast 
over Station WMAL-TV, under the auspices of the Greeter Wash¬ 
ington Educational Television Association, one prepared by the Na¬ 
tional Air Museum on the liistory of eeronsutica received wide 
acclaim; and Station WTOP-TV carried two programs which origi¬ 
nated at this Museum, one describing tlie national aeronautical colleC' 
don and the other telling about the design, construction, and uses of 
kites. Six television stations located in other cities broadcast pro¬ 
grams based on Museum material and information. 

Numerous requests were received during the year from orgnnizn- 
tions and groups for conducted tours of the collection, and for lectures 
on various aspects of aeronautics. Whenever possible tliese were pro¬ 
vided. Sixteen lectures on aeronautics were given by the bead curator 
during the year, most of them in the evening and illustrated by motion 
pictures and slides. With the exception of the talk on the history of 
aeronautics to the American Airlines' Gas Model Club at Cleveland 
January 29, all were in the WasliJngton area. Among these lecturi:^ 
was a description of tlie purpose and progress of the National Air 
Museum given to the Sphinx Club of tlie Masonic Fraternity, the story 
of the Wright brothers told to Oie local chapter of the League of 
American Penwonien, the history of air mail described to the National 
Airport Club, and talks on various phases of aercnautioaJ history and 
development presented to several Beserve Officers associations. 
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REFERENCE AIATERIAL AND ACKNOWLm5G]V[ENTS 

Th^ Museum mainUirn a library and file of boolcs, periodicals, docu¬ 
ments, nud contemporary records of aeronautical data to supplement 
tlia exliibits and serve as sources of reference both for the stalf and 
others who cousult tlio Museum in connection with their research 
projects. The improvement of tliese sources and the arrangement of 
this material in readily nvailabls form are necessaty factors in main¬ 
taining the service described in the previous sectiou of this report 
Many persons who appreciate the importance of the National Air 
Museimi reference collection have donated to it their own files, thus 
preserving them and extending their usefulness;* 

The following lots of refereiice material wei-e received: 

Aeko DiaEHf, WasbiDgtoiip D. C: lO^SOS pbotographs pc-rEilBeDt to aoriniaotlcfl--tt 
coHeetloD uecui^iuLat^ ta ctinncctloti with the pubUcaUDn of ^*Aero 
'■Hie SportAi:E]aii Pilot/' and “Alrernft Yeorbook.” Mostly S i 10 Inches lu 
Hlae anJ dating frLan the early 1020 'h, 

Aie TftAit noBBUB* New Yorkfc R Y,: Appronclinately 1^500 pbotogrDfihs dedljue 
with acroiiButlcs Id iKetier^l, from 1020 to IMO, 

BELLaTaciN, CiTEis W.p Axl\ngton^ Va,: A coUMtiOB of clipping contained in OT 
envelopes and flic foMerfl^ covering uyIbUoh In general. S&locted from ntflaa- 
eIdcs, hookup aud newspapers from 1020 to tbo 
€[£ANcg VououT Aiscxait^ IlallaSp Tel.: 45 enlarged rbotf^gtaplis. framed, 
covering the history of Taught aircraft from 191T to date. 

CuJtnsS'lViiJDHT Cgbpobatio?i^ Wood-mdteT N. J.: n books rclattog: to acro- 
nantics In goaqraL 

OULDmoUp Eaiinar W*: 770 aeranaotlcnl niagiislhq$, Inclndlog ^'AHallon " *^Aero 
DIgcfltp"* mut "'Filghtp" pohUshed between 1017 and 1055. 
tiauMMAN AiECJUFT Eirontmoip^o Coaroutioif, Betbpago, L, I.+ Nk Y.: A coUec- 
UoD of aviation tua^Elhea covering 12 tUlea^ dome dating back to 1910. 
HAimRAVBo* air^s. W. U p New York, N, Y*: A piece of the fabric from the NO^ 
which wna ojje of the tlyiag hoots of tiie U- S. Navy's flrat traoaathmttc 
sauadrojL. iai», 

IJAMO, aiEs. J. Hoato:t, Lawronco. U I., N, Y.: A coUectlon of ^Atr Facta" la 
three bindero, complete from Februflry 1, l&OS, tbrongh 1&41. 

Naw^ Defaittmeht op^ Waabtagtoa, !>, O.: Dra'^\'iDga» assembly, for Dovglai 
D-r>fVft-l "Skyatrcfilc*" 

Pbatt WurrsET AiiteaArt. East Hurtfordp Comi. : A collecUon of maannlSp 
drswlngo, ft ad broebares covering daU and gpeoiflcatlons on tbe Prstt & 
Whitney #£l 80 Twin Wasp E-1 pnworplnuL 
WEEKSi E. D.+ Dea Moines, Iowa: photograpba of FfUropenn n I reraft, 1000- 

1014, which were porchafied In Oermany from HeltiE J. Nowarra. 

Woj rFBouN, llA?ffs J.p SulTcm, N. T.: A sertw of the mogasloB Th^ Aer^plam 
Spotter^ IWI through I&IO^ Five Ustieg of Flwp5a/eM und Lnftttrk^hr^ 194^ 
1043,anr! ]!>54:10lJBSaeSof DerFlfefler^l&5Sandia&4, ^ 

Olhej* acciuisLtionfl incladed saTaral motion^pictutB films: **17© Saw 
It Hiippen/* and the story of tlie Sikorsky Iielicoptor, rocoived from 
United Aircraft Corporation of East Hartford, Conn.; the pictunza- 
tion of 50 years- progress in aeronautics, assembled by die Sliell Oil 
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CorpoTOtioR, and a group of films pertaiiiiiig to Charleg Lindbergh^a 
famous transatlantic flight given to tho Mnseum by the Aircraft In- 
dustrics Association. Grateful acknowledgment is also due the fol¬ 
lowing for tlielr valuable contributions to the reference collection i 
a J. Harrill of Arlington, Va,; J, W. Gwinn, Jfr., of Wayne, Mich.; 
Jesse Davidson, of Underwood & Underwoodj Kew York City; 
Bert Williams of Melbourne, Tictorin, Australia; the Institute of 
Aeroneutica] Sciences of Now York City; Cob Floyd J, Sweet of the 
Soaring Society of Axnerjca; Maj* Richard K. Shook; Mrs M. S« 
Gilpatric of JTew York City; Charles J. iVlacCartee of Orlando, Fla+; 
Maj. Kimbrough Brown, USAJF, of Brookfield Air Force Station, 
Brookfield, Ohio; Col. J. E. Jarrett, curator of tlia Army Ordnance 
Museum at Aberdeen, Md*; liay Fife of Coronado, Calif*; Harvey 
Lippincott of Hebron, Conn.; Wright-Patterson Air Force Base; 
Hiller Helicopters of Palo Alto, Calif-; North American Aviation, 
Incorporated: and Mr. and Mrs. Keith C* Whitehouse, who permitted 
copies to be made of their pictures illustrating Curtiss aircrafts 
Tlio Book Escliango maintained at the Library of Congress con¬ 
tinued bo be on excellent source for issues of magazines required to fill 
gaps in the Museum series. 

ACCESSIONS 

Additions to the national aeronautical collections received and to* 
corded this year total 117 specimens in SI separate acce^ons* Those 
from Government departmente are entered aa transfers; others were 
received as gifts except os noted. 

Ar.Ei;irr]>Ea, Mabt, Ljm AnseleSn CdUf., tbrnajEll AmoMa Earbart Post #6T-6 t 
A mertcAn Flyinir RttSt de*=igTied by Amelia Eprlmrt for tbe Ninety- 

Nines, an IntematEDiiaL organIfentlon of Uceinscd women pilots, and typical 
of tbs apparel warn by Earhart durfoa her nmiyy Ul^bts (H. A. M. 
AixEff, SmAjf, Omalia, Nebr.: Kite, a stick frame, bcxa^ii ouiltne, incoriKirnttiig 
ImproTeajcntB mmle by Hie floaor tbrougb eiteoslve praettoe^ and fly able 
tbrou^h a wide raoiTe of wind veloctty (N. A. 51, 861). 

AntTt I>o»4wrMEsr OF* Wasbtnpjton^ D. C.; Clothliig aad eaoipinent of the 
type ajsed by U. S. patntroopora darlaa Worlcl War II (N. A. M. B5T). 
ATumaoiTp A?rTtiQKYi Wasblnj^toa* D. C. : Plaster bewt of WUcy Pa?at 

seatpltired by Uie donor la UNO {N. A. &1. 850^ loan), 

Benouc CSoan^iUTio.'i, Scentuxa MAoNPro Biviaioxp Sidney, N- T.: 

Two amgaotoa from the Wright Whirlwind J-5 en^ne which powered Ua# 
Bellnnea '■'Coliimblii,'* flown by Clarence CbBuiborlalii and Ctirtrle# A. Levine, 
nonstop. New fork lo Elalebea, Oermaaji Jnno 4-6, IBSt* TgiiUloa Bystems for 
E^tt A WhltJiey E-^00, Pratt & Whltaey n-2000, Aliiaon V-1710, and Wright 
R-Sasn alremft (N. A. M. S50). 

Bleil, Mbs. Arm a w.^ Alhambra^ Calif.; Cop otvon to Harriet Qulmbyi flrvt 
Amerleau wotnaa Usjonsod to pilot aa airplane, she laaded after flytas 
aenwa the En^llab Clmcmel from DoaU England, to Eplh^a. BVfince, April 2C, 
1S12, 
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CoMUi^RCCt VEPAsmtsm or, Ratios ax UuEEAtr OJ STAROAeM, D. O,: 

Flvo Impelled of the typei os^sd for f0t*tlns alxcrftft g^eratoTB. 
(N.iLMa42). 

C<x)x, O, D.p Portlflud, Or^.: Hub of propeUer fmm bb alrplftae flown by 
Capt- Vernoo CestlOp renowned dnncer and a^bitor^ wbo aebleTed an Unpr^a* 
ri^e combat record la the Boyal Flying Corpa during World War I andt fob 
lowing Auaerlca'fl entry Into the War, wab nsslKced lo the BTfatign section 
of the Signal Corps, U. S. Army, to train Btudent fliers <N. A, M, S63>, 

Elljb, Fbark H.p WoBt VDDconTen B. Cl; Two scale models of aln^lanes asso- 
clabed with the early developiiient of arlatlon by Canadians; model of the 
tnoltlplane designed and ballt In 1^10-11 by W. W. Gibson, YictorliL, B. C., 
and flown in ISll; niid a model of the Aerial Experlxnent Association's ‘'Red 
Wing,” designed by membora of that Association organised by Aleiander 
Graham Belh and first flown by Frederlefe W. Baldwin, the first British anbject 
to pilot an airphiiie at HnmmondBport, N. T., <m March liJOS (X. A. M. 
S5lb 

Habtioam, Con Jghr D., WashlngtoiiT B. O,: Tutiic, cap, and Sam Brown bdt 
worn by the donor ae part of Ms uniform as an ofEkee in Gie Signal Corps 
Aviation Section during service In France, World War I, 1017-lS {N. A- M, 
854). 

SiTtcHiRaoM. CUpt. J_ D.p Denver. Cblo,: Five drop bags m^ed far air to ground 
doHT^rlea of messaged by the D+ S. Air Service and U. S. Army Air Corps 
during the IDSO's and lOSO's* and a pair of mittens worn during winter flying 
operations, repreflcntlng regular issue cfiolpment of the same period 
BflT). 

Ka m a sf AjKcoArr CoKPOaATio?f* Bloomflaldp Coac.: Scale tnodel, 1: 20, of the 
HCK-1, ft foor-plBc# bellcfipter which uses n servo'flap c^jotrol for Its two 
Intenueshlog rotors; develciped by the donors for the U. 3. Novy, 1053 
CR A. M. 848). 

KotXB^AR iKSTBUwfcWT Oot, E^mhumt, N. T+! Air speed Indicator aad cloch 
deveUn>ed by the donors for ubo In aircraft of the World War If period 
(N. A. M. 845}. 

LiBMp Beio. Cert. Fjtiira P.. HnrOP, Ohio: Medals ftnd awards received and col¬ 
lected by the donor and bla father. Franic S. Loinn. including the Aero Club 
of Frooce gold medal awarded to Frank Sh Lahm In recognition of bis aervlcco 
to aeronaiitlaii, IfiOfl, the Gordon Bennett gold modal, the Aera Club of America 
gold medal, abd the Aero Club of France brouEc fnedal awarded to F^ank F. 
f^hm for wlntilDg the flrat Intematloirnl balloon race, ItHJfl fN, A- M, 8135). 

AiocaAJT CoiyouATJoR. Enrhonk* Calif.: Two scale models uf aircraft 
developed by the donors r * 1: T2 model of the TG-30 and a 1: &4 model of the 
type 104® Bupercouatellatlon (N, A. M- fiflO) . 

National AnnaoBf Coinirmi foa AcifflRAmTCia, Waahlngtnn, D. C-: Display 
Item reprs^enilng the award. In lB2a, of the Robert J. Collier Trophy, awarded 
annoolly since 1011 for the "greflteflt nehlevement Ln aviation In America, tho 
TElue of which baa been truly demonatraled by actual use during the preceding 
year.” It wos awarded to the iiACA for development of a cowling for radial 
air-coaled engines which Itaproved flight perforroaoce. The dLsplay conalsts 
of a scale modal of the Lockheed ”Alr Eirpiiess’' airplane wMch, equipped with 
the cowling. MtabllBhed a tranecoDElnental recard of ifl hours 21 minutes 5D 
■econda. February 4-6* 1029, piloted by Frank Hawks. The cowlloif made 
poasibln a 29 m. p. k Increase la speed (N. A. M. 8S8). 
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Nk\r, DcPABTiteff^ or. Waahlnirt<i!a. D. 0-: CoUecHoii of apark plugi used with 
aircraft product in ^^arioua natlona and daring frofti pra-World 

War I era to tiweDl jcari^j and a Holnkel Htrtli lllH gfu* tiirbtne engine of 
experimental typtj produced in Gernoanr diuiiig World War 11 In If^ (N, A- 
M. 1^)« A wnist bnteh door from a Martin ^’Mariner** 

tJie World War II perlmL Tbe door 1 b equipped with racks for taountlci; 
Jato tanSca used for Increasing takeoff power and redaelng Ui-e dlatanca r^s- 
qulred to bo nlrtH>rn# (N. A SL 843^ A coUeelJon of fll^bt tnatTUmente, en^luo 
irLqiromoDLa, nnd mlsceUaneonu aircraft newasorleB of Japanese origin^ prsF 
diiced and lU»od during World War JI (N. A. M. 846). 

Ricnuonup Lt. Jack J^ Hollrwoodp Calif,; Crasb kelmet worn by tke donor, 
1018 (N. A M. S«0)* 

Rnyre, Ihd.p MJamU Fla.: COtftWor example of an eJecHon scat catapdlt nsed 
In many current types of Jet-engiaed dgbier alrplanea (N. A M* 864 >. 

Buirn, Mintoii M-h Blirevcport; La.: Inalgae of Uie lifayatte EscadrillOt famous 
tiqiLadron of Arocricaja pilots who fon^t with tbe French prior to America s 
entry Into World War I, remOTod by tie donor from an airplane used by Raoul 
Lufbery, one Pf Ainerlea'a moat famous pilots of that war (N. A. M- -850). 

Uirnm AlacltArr CoaMjanTioN, ILuctutoH STAjfnaJin DiTWiow^ East Hartfonh 
Conrus Alr^!ondUtonlng nnlt. heatH^cbanger typ*> developed foe ns* tn the 
North American P^H “Eabre^ (N. A- M- S47). R-21S0 Twin Waep aircraft 
cugfnOp developed by the donors In IWT for powering omOlum trnnsport atr^ 
Craftt with eomplete i&stallatloQ equipment iaoindlng the uacelle and the Ottao- 
elated eloetrleal fuel and lubrication ateeasarlaa (N. A. M. 

U^^nru A tit Lf^Es, Chlcngo, Ilh; Scale model. 1;X0, of the Xrflltdi **Swaliow*' 
which waa flowa by Varuey Air Lines, ptodocessor of United Air Llnea^ on the 
original Contract Alt Mall Route 5, ApHl (N- A. M. 8t^)* 

Uf 8. National "Museum, DKeAHTMiL.vT of HisToaVi Washington^ D. C,: German 
bomb of ’World War I (N. A. M. S30>, Radio receiver, trinsmlttor. nnd AO- 
cesm^rlea of the type used in Naval aircraft during World War t nnd the early 
1926 a (N. A. M. M4>. 

UjTTVKEsm OF DcTBoiTp Dctrolt, MIch.: Collection of nlrcrnft engioe Instrumenta, 
flight Lnatrumenla^ nod engine aceesanriea used duriug World War I (RAM. 
838). 

VEJivmtJk AuaED T.. Washington. D. G.: Grenp of personal Items presented to 
the donor by Gen. William Mitchell. Ifteludlng Um General'a swagger atick and 
the pennant flown from bla airplaue (N. A. M. 8d5>, 

WiTTKAy* B. Oahkosh. Wla.t Vukter, a midget rAcIng airplane formerly aAmed 
^Chlef Oshkosh*’ designed ftisd bollt by the donor In 1831, ond entered In 
numerous ra™ thronghout the period 1031-54, wiimiog many notable com¬ 
petitions and ptaelng Among the leAders In most of the more thim GO rompe- 
tlUona entered (N. A. M. &59>, 

WoEANfU. C R.. Geneva, Ohio: IVattiep ‘'SoArAb'" Aircraft engine of the type 
produced In 10£S (N. A. M. 652). 

EespoctfuIIy submitted. 

Paul E. Garber, Head Curator. 

Dr, Lbonabd Carmicrakl^ 

Secretary^ Smkha&ni^m ImUttttion. 
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Report on the National Zoological Park 

Sis: TfansmUtcd herewith ia a report on the operationa of the 
National Zoological Park for the fiscal year ended June 30,1955. 

In all, 934 accessions, compriaiiig 2,347 individiml animals, were 
added to the collection during the year by gifts, deposits, purchases, 
exchanges, bi rths, and hatchings, ijnon g these were many m re speci¬ 
mens never befoi'e sho'ivn in this Zoo. Tlie addition of new ktn^ of 
animals enhances the value of the collection, which is maintained not 
only for exhibition but also for research and education, thus foster¬ 
ing the Smithsonian'S established purpose of “the Increase and diffu' 
sion of knowledgeL*^ Opportunities for research are aHorded students 
of biology, particularly vertebrate zoology, as well as artists, photog¬ 
raphers, and writers, hfethods of study that do not endanger the 
welfare of aninmls or the safety of the public are encouraged. 

Ill addition to the regular diversified activities of carrying on all 
the operations of the Zoo, the services of tlie staff included answering 
in person or by phone, mail, or telegraph questions regarding animals 
and their care and transportation; furnisliing to other zoos and other 
agencies, public and private, information regarding structures for 
bousing animals; coo|»rating with other agencies of Federal, State, 
and municipal governments in rescorcli work; and preparing manu¬ 
scripts for publication. 

The stone restaurant building, which was constructed in the Park 
in 1940, is leased at a year. This money is deposited in the 

United States Treasury to the credit of the General Fund, District of 
Columbia. The concessionaire serves meals and light refreshments 
and setb Bonvenira. 

FUNDS 

The regular appropriation for the fiscal year was $645,(XX), which 
is carried in the District of Columbia Appropriation Act. This 
amount was supplemented by S3,000, which was transferred to the 
appropriation in accordance with Public Law 123, for payment of 
retroactive pay made necessary by the Federal Employees’ Salary 
Increase Act of lOSS, approved June 28,1955, effective the first pay¬ 
day of the first pay period beginning after February 2B, 1955, 

THE EXHIBITS 

Animals for exhibition are acquired by gift, deposit, purehase, 
exchange, birth, and hat clung, and are removed by death, p-rz-linTigB^ 
104 
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or retum of tliDS^ on deposiL Altliough depositors are at liberty to 
remove tfaeir specimeiis, many leave them permanently. 

As in any colony of living things, tliero is a steady turnover, and the 
exhibits are constantly clmngiog. Thus, the inventory of specimens 
in tlie collection on Jime 30 of each year dooa not show all tbo kinds 
of animats that wore exhibited during the year, for sometimes crear 
Cures of outatanding interest at the time they wore shown are no 
longer in the collection at the time the inventory is made, 

TJje United Stutes National Slusettm is given first choice of all 
animals that die in the 2oo. If they are not desired for the Museum 
they are then made available to other institutions or scientifio workers;. 
Thus tbo value of the specimen continues long after it is dead, 

ACCESSIONS 

The Zoo has been particularly fortunate in having friends who 
show tlicir sincere interest by bringing in specim^s or arranging for 
acquisitions froni foreign countries. 

im^rs 

**Firsts” that are desirable ans welcomed in almost every organ!- 
station, and the fiscal year covered by this report had a gratifying 
iiiunber of ^^firsls^^ for the Zoo. These are Ikted bd ow^ 

The greatest rarities obtained during the year were two GoeldUs 
marmosets {Cailimwo goeldU) which until recently bad been known 
from only half a dossen specimens from habitats in widely scattered 
localities far up the tributaries of the Amazon Elver. The Zoo's 
examples are black throughout, with brown tips to the hairs on the 
back of the head and portions of tho back which are conspicuous 
when back-lighted. They also have what looks like a crew cut of 
two dilFerent lengths, that on the front of the head being fairly 
short and that on the back of the head Eomewbot longer. 

Also acquired were two of the llttle-knowui. dinomys paca {Dini&mys 
frrcrmVAn), a rather large rodent that is apparently rare in the wild 
as well m in captivity. 

Another outstanding aco^ion was a rare and littJe-kiiown foussa 
{Cr^ptoprocta ferm) of Hifadagnscar, obtained by purchase, Tliis 
is a relative of the civets that looks somewhat like a large, slender- 
bodied, short-haired brown cat. 

Two young southern sea liong were purchased, 

AVhen received they w^ore about 3 and 4 foot long. 

An interesting accession was a pair of mt kangurcos [ff 
nodon w'hicli produced a baby that was observed in the 

pouch of the mother on June 30,1055, These are not conspicuous as 
exhibition animals but help to round out die collection, giving the 
vifiitore a glimpse of die remarkiible variation of the marsupials. 
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An Africtm doimoufle mi^rinus)^ an attractiTe little 

mouselike creature, was sent to tho Zoo by Dr. Ijawrcnce Kilham of tiie 
National InsUtuteaof Health from hia Entebbe, Africa, headquarters. 
Dr, Kilhnm also sent two specimens of the black-and-white casqued 
hornbill {Sycanisies subc^Undriou^) j a rare species of sho^vy birda. 

Two eider ducks {S&TnateriamoUimma) were obtained by exchange. 

The bird collection was also enricbed by specimena of the ilohali 
weaver {Plocepas^er jjiafudi} and cliff chat chmd- 

f7U>mei^'en£m). 

Six African cliamdeons {Ch^m^ieleon dilepii) were hatched on 
June 23j 1035, from eggs laid April 2, 1^55* Perhaps other estab- 
lidmients have had African chameleons toy eggs that hatched, but 
this Zoo is unaware of such an event. 

ouTSTAitDisic cim 

The outstanding gift of the year was a pair of baby gorillas 
{G&rill^ ffortll/i] presented to tlie National Zoological Park by Rus- 
sell ArundeL of Warrenton, Va,, a longtime friend of the Zoo. They 
were captured by the Ariinde] Expedition in Prench Equatorial 
Africa, near the Belgian Congo, In the Belgian Congo they were 
cared for in the home of John D Binamc, then director of tlie Zoo 
at Leopoldville, and at Antwerp in the home of Walter Van den 
Bergh, head of the Zoo there, so they received especially good atten¬ 
tion on their trip to the States. The male, “Nlkumbji.," weighed 17 
pounds and the female, *'IiIoka,^' weighed 20 pounds on arrival. Tlicse 
arc tlio first gorillas the 2Ioo has had since 1032 and are highly de¬ 
sirable additions to the collection- They are thriving and are popular 
entertainers, ns they nra very active. 

The Hon. Charles S. Thom os. Secretary of the Navy, presented to 
tho National Zoological Park 7 emperor penguins {Aptejiodytes 
fomten) and 4 Adelia penguins {P^goscelh adcliae}^ These birds 
had been obtained by Navy explorers while on an Antarctic expedi¬ 
tion on Uio U. S. S. with Commander Glen Jacobsen in charge. 
Emperoi^ aro tlio largest living penguins, and this group, together 
mth the king penguins received ti few days before, made an outstand¬ 
ing exhibit. At the request of Secretary Thomas two of tho emper- 
ora were turned over to the Bronx Ztxi in recognition of tho assistance 
given by the New York Zoological Society in transporting tlm birds 
from Miami to Washington. 

The Ambassador of Pakistan, Syed Amjad Ali, presented a beauti¬ 
ful young jangle-caught Bengal tiger through the Foreign Operations 
Administration. 

Tho Japanese Ambassador Sadao Iguchi preseutod to Secretary of 
Defense Charles E. Wilson a pair of long-tailed fowl 
which are being kept on display in the National Zoological Park. 
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Thia K a domesticated bird that has devdoped, througli painstaking 
breeding by the Japanese, es<^eptionally long upper tail coTerts- TW 
feathera of these birds are eometimes as much as 20 feet in lengtk 

Dr, I^wTcnce Kilham, of the National Institutes of Health, who was 
spending a year in the Tidnity of Entebbe, Uganda, Ea^t Africa, 
Idndly sent several shipments of African aninials^ all of which were 
weD selected and df^irable additions to the Zoo. The^e animals are 
enumerated in the donors^ list. 

Dr. Robert Kausch^ of the National Institutes of Healtli at the 
Arctic Health Research Center, Anchorage, Alaska, continued to 
show his interest in the National Zoological Park. Through hia or¬ 
ganization there have been received 1 Canada lynx {Lyna^ canadensis) ^ 
1 emperor goose {PMlacte cumijica), and 1 black brant (firajtfa 
bemicla niffHcans) ^ These were all desirable additions os there were 
none of these species m the collection at the time, nor had tlicre been 
for some years^ 

The Walter Eeed Army Medical Center, the National Institutes of 
Health, and Johns Hopkins University continned to deposit with the 
Zoo young chimpanzees {Fan trcg2<^dt/ies) used in their medical ex- 
penmen ts. These animals are all suitable for exhibition and are 
avaikble to the medical research workers when needed. This is prov¬ 
ing to be a tlioroughly satisfactory arrangement, and when the chim¬ 
panzees are no longer suitablo for the work of the scientists they aro 
turned over to the Zoo permanently. A young female chimpanzee 
(Pan troffhd^tes) was presented by llr. and Mrs* Jolm T. Smith, Jr*, 
of Monrovia, Liberia, 

The United Cerebral Palsy of Washington, D. C., presented a baby 
howler monkey three cottontop marmosets {CatlUhrix 

oedipus)jmx blue tan age rs { Thraupis cana.}^ and four saffron finches 
{Sicalis luie^la) after they had used for publicity purposes by 
the organization. 

A domestic burro or donkey {E^us the first one exhibited 

in the Zoo in many years, was presented by Del RenscI, president of 
Slick Airways. Cokeys, of course, are not rare, but by reason of 
their religious, agricultural, and other associations, and of their odd 
appearance, they are of considerable interest to the visiting public. 

Through the kind interest of Dr, Juan Riveto, College of Agn- 
culture, Mayagflez, Puerto Rico, the Zoo received two of the rare 
Mona Island iguanas {Cyclum stejnegcri)* These are large, heavy¬ 
bodied lizards that look like miniature dinosaurs of post ages. One 
of those Was dead on arrival, and the other refused to eat at first but 
was finally hand-fed and soon became a pet, Shortly after her ar¬ 
rival aho laid 10 eggs. 
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Elovcn Huniboldt^s pciigulEi {Sph^rdscia hufTiboJdU) tec^ivcd 
as gifts from tlie Perfection Stove Co. of Cleveland, Ohio. 

A green connre {Ara^n^a ieucopkihalmuM) iras n gift from K"^ H. 
Cnudell, of College Park, Md. 

A horn-nosed ignana (IffTiana ifftiana rhlnol^pha) obtained by Jack 
Reed, of Tampa, Fla,, ivliile on a ernise along tlie Me^cican cOEist^ was 
given to tlie Zoo. It is a boautifol example and, although closely 
related to the cjonunon iguana^ is eofEcicDtly different to make a very 
desirable addition to the collection. 


CUTS Am EEPOSITS 

Tills ycarj as in many years paet^ various individuals have deposited 
in the Zoo animals to which they defined to retain title. These are 
most acceptable additions to tlie exhibits. Depositors are assured 
tliat the animals will receive routine earcj hut the 2Ioo a^iimes no 
responsibility and no obligation to replace any that do not survive- 

DEPO^rroPi^ AND DONORS AND tWEIR CiTFS 

(BeposJts are marked*; unless otborwise Indlcnted, addresses ot donors are 

Weshtaffton, d, C.> 


Ackerfnan^ Anita, rittsburj^l^ Pa., 

blaek'Wldow 

Adams, W. Hyatts^ Ule, Md., 2 Fe- 

Mn dueka. 

Aklaa, l£ea, Indiun Md.^ tLQ^- 

nosed snake. 

AUen, Louie Hiitur Spriaft* Md., 
caliuan. 

Aml^er, Dianne, ArUogtan, 2 PeklD 
dnclia. 

Aiider^an, Louta H-, Alexandria, Vn,, 
rhinoceros beetle. 

AndreADO, Jasephp Takomn Park^ Aid., 2 
Fokin dueka^ 

And re VI'S, David, Silver Snrtike, Md,, 
anaplili]!; turtle 

Andrews, Itlchard, Silver ^prto^, 

2 Pekin docks^ 

Angleton, CIcllVt ArllngtOD, Va., iikanic. 

AnonytaDit*;, salt-water irrav crab. 

Arclierp Mrs. S. tin pigeon. 

Arctic Henltli PesanTvh Onter, An^ 
rhorage, Alaska. CaDAdn lyni. em¬ 
peror EOOSe. black brant 

Armstrons. Mrs: Amelia p ArUnpon, 
Vm, guinea pig, 

Armrtrodg, W. T., SUver Spring, Md.^ 
domestic rabbit. 

A mol A Mrs. Joseph, Folia Ctufch, Va.. 
blae-fronted parrot. 


ArOPson, MichAeJp Belgian bare. 

Amndelt EnaseU+ WarreatOD, Va.^ 2 
gorillas. 

Aeluvortb, JaiiLE?s T., AvIlnetoiL, Va,, 
Pekin daek. 

Atzlnger, Dorothea, 2 atra wherry 

Onehea, society Onch^ white zebra 
ancU. 

Ayers, L»nrnilne, dnuiestlc rnbblt. 

Babbitt, Lewis U., PetcT 5 hani+ ^lass., 
5 tDada, 2 Cnbnn bona. 

BndJneUt Joeepb, Talroma Pjirk* Md., 
common newL 

Baldenen, R, H., grey tox. 

Baldewn, Warren, purple gnLlEncdeu 

Baldwfa^ Mre, PreiJ, Cumberlaod tnrtlfc 

EnlJ+ aitH, S. M., ArllOKtoa, Va., 2 
Cumberland turtles, 

BaHmilD, Bariiani, Silver Spring, MiLh 
2 Pekin dneka, 

Bannockburn Couiierativo School^ 
thesdar Md^^ 2 guinea plgsi 

Hames, John p., Arlington, Va.p ofios^ 
annL 

Barnea. Mrs. Sara M„ S Pekin ducks, 

Baruevp Stta. C. N,, Takouia Park, Md., 
Pokln duck. 

Pair, Mrs. J+ A., JVh, Takoma ParlE+ 
Md„ Pekin dock* 

Baekett, T. fljing aqoJrrol, bamater. 
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Bruce^ 2 FlorLda “dbam^eoM.'^ 
Bedr. Mm, Eivl. SUtct Spring:, Md., 
2 Feldii ducke, 

BellntendeH Sarn J.^ &AUiiiia&der« 
Benton, Bobby, Sllrer Spring, Mdp» 
&Dnppli]{; turtle^ 

B^matcln^ Bdwjtrd-, *w!!ilte^tbmated 
capucliin. 

BeteBhp Stanleyt dami^tlc chickens, 
BLerly^ Edward, ArlLn^cti, Va,» Pa¬ 
cific pond turtle, de^rt tDrloliie<. 
BliUa^dn, B. 0,, Silver Sprln^t Md., 

2 ned'lioed turEleo. 

Bird, ArthuTr barred owL 
Blaliop^ Egbert T-i domcatic rabbit. 
Bis»otiette, H. dumesHc rabbit 
Black, Cordell, ArUu^dn, Vn,, eniip- 

plng tortlpL 

Bllah^ Linda, PeUla duck. 

Blush, Mrs. Emeat, Eenslnglon^ Md., 

3 donicatlc rabbits. 

Boober, loo, fircLeau* Vu., ereat homed 
€WL 

Botkin* MarshalV Mount Rainier^ ^Idn 
box turtle. 

Bowinaii, Gary^ and Korab, Hiirryf 
Uulveralty Park, Md., snapping 
turtJep 

Boyd* CharleB IL, 2 graas parakeets. 
Boyd, bTancy* ALexnndrla, Va^ Pekin 
duekL 

Bniilloyi Daniel ¥L, 4 gray aqtiirreU. 
Bridge, David, Greenbelt, Md„ red- 
bcUled turtle. 

Brittain, Charles, l^nbam, Md., ^^ter 
soaker 

Bfowti, airs. Jane, Arlington, Ya.* gray 
fiqniFTel. 

Brawi^ ThadilQUA III, 2 calinana. 
Brown, Tom* B?thesda, Md., snapping 
turtle. 

BrunhoQse^ Mrs, Helen, raccoon. 
Bruchonse, Mrtt W. A., stunk. 

Bnlloit, Cheryl, ^ulneB pig. 

Burpesa, G. S,. s amg^itorn 
Butgeaa, Jack, Elverhcad, Long Island, 
N. Y,, black nicer, 

Burkhart, Paul, spartaw hawk. 

Borrla, Bober L Cabin John, Md., 
^squirrel monkey. 

Burton, Chip, Florida king anoke^ 
Burton, Mm Esther* 2 hamsters. 
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Barton, Mrs. Lontiie Arlington, Va., 
alligator. 

Bnsb, win I a m R., whlte-fhced capuchin, 
Cainiuiano* Haas J.^ Betheoda, Md., 
opossum. 

Catn^ R, M-h Landon mils, Md,, 2 Mus¬ 
covy ducks. 

Culundcra, Fred A^ Pekin duck. 

CoJQh, I. B.* Chevy Chase, Md.* 2 PetSn 
ducks. 

Calvert, Gordon L,, Stiver Spring, Md., 
2 domestic rabbits. 

Campunona, S, Joseph* opossum, 
Campbell* Mm Jos^pbliie, Mount ItaU 
nier* Md., ^mallard duck. 

CantoDUk PoBciil J., Jr^ •klnkajou, 
Carlsdil* Onrl, Unlveralty Park, Md., 
PcMn duck. 

Carmack, Angela, Arlington, YUn. P^kiu 
duck. 

Carnlcaro, George, dowoffLle rabbit, 
Carreoa, Carlota, sparrow liawk. 
Carroll* F. G.* domestic rabbity 
Cartn&Pp Helen* 2 raceoona, 

Cassett, Charles and Michael, Sliver 
Spring, Md.* 2 Fckln ducks. 
CatboRc Universltj (through Dr. Ilo- 
land XardoPoK 2 Arctic ground 
^ulrrels. 

Couddl, N. H.f College Park, Md., greeu 
eonnre. 

Chambers, EL A.^ domestic tabblL 
Chase, Juscpb 0., f^raikklln, Ya,, brown 
Water snake* red-beULed water 
sDske. 

Chauveuet^ Allen R, Silver Sprlug, Md.* 
dom^tlc rabbit. 

Cheurgam, Clinck, Arlington, Va* Mus¬ 
covy duck. 

Cheatbam* B. B., ArllngtoD, Va., 3 Mun- 
coTy ducks, 

Cbenium, Chuck, Arlington* Ya.* Mns^ 
covy duck. 

Cheney, Sheldon, mufk turtle. 

Chevy Gi^tAse Bet KhoR •Indigo soake. 
Ctilel^ I>rew, copperhead saiake. 
Cboldco* Sira. KensLagEou, Sfd., 

robin. 

Cllueug, Mm Mary* gnlnea pig. 
Cburctilll, DarSd* Arlington* Vft-, saap^ 
ping turtle. 

Gloar, Lester, Bradbury Heights, Md.* 
woodchuck. 
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ClBBrtt, R. R-, Silver SiirlD?, MhI, eaJ- 

mjn. 

Clark, mTld L.. Betliesila, Md.. 2 plae 
llsarda, wator ennit#. 

Clarfee, Ccor^e L, ArUustoo. Va.^ FeU'fi 
parakeet. 

Clarke, iln. J. H., Arllis^toii, Tn., 2 
Fekln ducka. 

Clepper^ Fred, Fekla duck. 

0«;kr?11, SlaJ. Henry B.^ Arllofton, 

3 cettaatflU rabhltfl. 

GokAii, Hank P., 5 dooieatlc rabbi ta. 
Coben, Mri WoIta<?ep Chety Cbnoe^ 51d.^ 
dome^ttc ^At 

Cnllimit BiUy and Dlckej^ & taada. 
ComptODp Mra_ Blebard^ aaapptQe tnitls. 
Connolly. Gupt D-* least bSttenu 
C6Xp H. A.p McLean. Ta-, woodchnek. 
CtAddock, Eager, Alexandriap Ta^t *aEl- 
gator- 

Crawford^ Jobn D^p Jr, Alexandrlap Yb..^ 
Pekin duck. 

CrtklOTp J.p snappliin lnrtle 
CrlmmiDOj CoL Martin L.p San AnioidOt 
Tot, green rattlesnake. 

Cmuiloy, U. eillarGat, Md., turkey; 
ratturo. 

Cmtalrr Eatbara and Oalp 2 Pektn 
dneksr 

Daniels, J. W.^ Jr.+ Silver Spring, Md., 
Pekin dnek. 

Dukera, George, Arlingtoa, Va^ 3 Pe- 
kin docks. 

Dntifl, Hatcolm, tronploL 
DaTlsnn, Dcreen* caiman. 

Dcohl. I>ennlSp Betbeedo* Md., caiman. 
Degutis, John Got lege Farkp bld.» 2 

Pekin ducka. 

Dclnlnger, Estelle+ 2 domesUe rabbits^ 
Dcliney, Peter LT-^ Java EdcIl 
D eMen tp IValter, box tortle, 

E^nPrstOp Jmek^ Langley I’^rk* Md.p gar¬ 
ter onakep 2 pine lizards, pilot black 
make* 5 fence liiwrds, 4 blue-tnGed 
Bkinks, 2 eammoQ toads. 

DePratow Joe; Langlcr Park, Md,, mole 
snake. 

DePnto, MarlOp Ijingley Park, Md.p 
Florida water snoke^ blat^ racerp 
gopber turtle, gopber frogt 
DeskinB. Leon D., AflJagtcnp Ta., 
caiman^ 


Deutseb* Elebsrdt Betbesda, Md., guinea 
pip- 

Djeksonp Mrs. R, Alexundrlft, Pe¬ 
kin duck; 

DIotericb, U F., graRS parakeet 

DllloQp Aden, Arlington, Ta., Elorida 
water turtle. 

DIXp bEcbael. "black snake. 

Hoehrer, Allen, stiver Springp Md.p do¬ 
mestic rabblL 

DoPoiioe, Cbarla, Falls Chnrcb, Yn.., 
alligator. 

Domin, Walter W., PhoenU, AkIAi 15 
western diamoad^baizked rattle 
snakeA 2 iddcwlnders^ 2 vestem 
bnH Enakes; 2 gila monalerA 

HocglssSp Beverly, ^caiman. 

DnsHD^ Commander Q., "grass pare- 
keeu 

Duvall* George CL^ Laubamp Md-, Nnbloii 
goat. 

Easterp LonJSp FInseb's parrot 

Edwards, A. il, Arllngtonp Va.p donies' 
tie rabbit 

Edwards; SbdSeld^ Aleyandrlo, Ya., 
pilot black snake, ^irt-er snake, 
■yeEcw cblcken snake. 

Edwardj?v Mrn. S. T^* Arllogton, Ya., 2 
guinea pigs; 

Egan, Denise, 2 Pekin dnckA 

Rlsenberg, Pbilip, Takomn Parkp Md., 
Fekin duck- 

Ellas, Ally, bomed llxardA 

EEls; Rlebard D^ Falls Churcli, Y&„ 
caiman, 

Elskew, Wtlllam, alllgatar. 

Estep, Gary, Falls Cburcbp Ya_, caiman. 

Etter, Dt. Harry S, Chevy Cbasep Md., 
Pskla duck, 

^ans; Mrs. Jam^ M., Bctbeada* Md., 
2 talmanSb 

Evans, Kancy* Falls Cbnrcb, Va., 
ealumn. 

Ewing, J. Hunter, Arlliigton, Ta., 2 Pfr 
kin docks; 

Falflonp Walter E., Falls Cburck, Ys.p 
graos parakeet 

Falck, BcDgt H.p Alexoadrla, Ya.. 
screech owL 

Farrlerp Joba^ HyatlavtUii* MdL* ktnko- 
Joo. 
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Fay. Mrs. WllMam SI., dievT ChnM. Md_, 
•Amerlcai* crow. 

Feeney. Lt Hiirold, ArUnfrlon, 
oottnntnU mbblt 

Fer^osnn. Gary, Alexandria, Va.^ In- , 
digo gua^e. boa eoDfitrUtor^ paoflk 
tuTLl^ painted turtlfit •cotomoa 
tguonar *colLar€d Ibcatd. 

Ferret U, DomlnR<^, tog-noaed annke. 
FlUman, Ralph A,, Lanhain, SId-t 
homed Ewd. 

FlnJny, Capt. Jul»a S-. Eethrada, 
Mil, glia mongteTp 
Fitzpatrick, Jaho, eastern akunk. 

FoUia, Jjunea W., Centrevllle, Va., 
great bnraed owL 

Ford. Eertelle B., Eockrllle, Md.. 5 
commocL IgiiHoaiL 
Fowler, J. G.^ damestic rabhlt 
Franklin, R^ D., AjUngton, ¥a., 2 alU- 
gatnra. 

FYaacier, ELnier Brookmont, MiL, 

opptEj, 

Freshtnan, B.. silver Spring, STd.^ aaap- 
ping turtle, 

FrlahmaoEiT Slkbael ^od Steven, Silver 
Springy ptefl-bllled grebe. 

Fu, Him PrigelllA, domestic ratibiL 
Fuller, Hubert J.^ Arlington, Vn., doiaea- 
tk rabbit. 

Galnea, Slary, Silver Spring, ^'d-. 2 
Pekin dyck^. 

Garthji,, El O., Hetbeada, Md., 3 donae*- 
tk rabbi ta. 

Oft It I, Siepben A., Jr., •plgiKiii hawk, 
Gaver, Gordoh Thurmontf Md., ^-1 
alligators, *rbesiig mowkey, •Java 
maenqtie, “2 gopher turtles, *alll- 
gator anappLng tnrUe, black 
tegua. 

Gelgan, F, Stewart, opossum^ 

German, Robert, catoian. 

Geysor, Robert J.» Prince Georeea 
County, green frog. 

GlRcaple, Mrs. Hilda G>. Takomn Park, 
Sid., 3 fly Lug squirrels^ 

Ginberg, Joseph, parakeet. 

Gleason, JameSp Uemdon^ Ta^ pled- 
billed grel»e. 

OleaBon, Shirley, rienna^ Ta.> etnnk. 
Glidden, Richard g., black snake. 


OodfrejT. Harry, HyaltaTlUe^ Md., b 
black'tallcd plntys, 2 guppies, 10 
pear] daoks, red-tailed barhns, 12 
SLimieso Bghtlpg Ostu 
Ooldttiarpe. Freddyi Bethesda, Md.* 
skunk. 

Gordoa, Marvin, woodebdcbL 
Grnhsjn. Mrs. Ji^hn H., 2 grass psja- 
kecta. 

Grant School^ apnrrow hawk. 

Groy, Albert G., Sultlandn Md., 2 black- 
Widow spldera. 

Gray. Gary, HyattavUle, Md., Pekin 
duck. 

Grayson, Blaxllyn, 2 Pekin ducks. 
Greon, Robert E.* ArUngton, Va.^ tual- 
lard duck. 

Green, ’Wllllani, Canary. 

Greenbnuto^ Samuel M., 0 boi turtles. 
Greenwood, Waltar B., ArUngtOS, Ta.* 
snapping turtle. 

Grosskopf# W. H., eastern ikonk. 
fioUford. I.. W., surer Syrios, ltd., 
hamster. 

Gubthrop, JaiDcar bantfinj ben. 

Haber, Mrs. R J.. Rlvetdale, aid., 
*doUrDtJCciUl| monkey. 

HflCkenhrock, Charles R, Btaten Island 
Eoo, ^tnten lalsnd, N. T., & cane- 
brake rattleannkos. 

Hagler, Walter, Arlington* Ta., gnlnea 
Pl^. 

Bahn, LL Waiter, Dablgren, Vfl., osprej. 
Haloes, Tracy* Mt. Ratnieri Md, *elll- 
gator. ♦wood turtle. 

Hambleteo, Ikhmn J., copperhead snake, 
Bam Mm A. E.. Camp lA^enna, N, O., 
wblto-taUed deer, 
numabergor^ H P*. pilot anake. 
Hnrdsoa* P.* Alexandria, Va.« barn 
owL 

BartselL Mm Mary, 3 parakeets. 

Day, Michael, domentte rahhlc. 
Haymaker* CapL John* Cbery Chaaa, 
Md.:, yellow-anpod parroL 
Hoeht Co.^ 2 mule swans, pcDguinO- 
Hennoftsy, R E., Anuandalo* Ta-t Pekin 
dark. 

Herbert, Paol, Bethesda, Md., 2 domca- 
do rabbits. 

Healop, BUI, ML Rainier, Md-, Indigo 
anakeu 





AMTUAIi BJEFORT HMITHSOKUN Ift55 


112 

John ftp barrel! oWL 

Hibmiaiip G^rge, aicLeAzt Ya., 4 rac- 
coaM. 

HofTttian, Ir^is M., CablD JoIul^ 3tld^<, 
ailky hantAm, 

nopklcis, J. B.p Takoma Farkp Md^ 
bi^tilrreJ nioDhey^ 

HopkliiAt Mrnf. B. J.T Arllnj^Dap Yu., 
blue Jay. 

Hord, Karleop^ Aleximdrlap Va., Cum- 
berlaod turtlo^ 

Hord, Eugou^ Il„ SSKfir Spring, Md,p 
turtlp. 

Hough, Dr. L. tYt.il(?rlek mnd family, 
New Brimavi Ick, Ji\ J„ 2 pottos. 

Hudglna^ Toamy, Arlinjdoiip Vn,. ^ 
Pekin duebs. 

Bpebnert Sira. Robert. IJutosTRIo, filcL, 
raecooo. 

BtltcblnBon^ Robby^ ArliugtOlip Va.i 
don^eotJe rdhblt. 

Ikaop Tault, Jamaica, N. T,p *5 alR- 
itatora, 'Ewa eonatrlctor, ^Indlau 
python, 

Ingham, Rex.p Ruflta, N. a, ’African 
palm clTQt, 

liEnonr, Frank if., Arlington, Vn^ 

P^^tln dudf^ 

JacohBp J, C„ gray ainlirel. 

Jneobson, K. SI., 2 Petln ilucka. 

Japanese AmbaiBador, Sadao Igacbl 
(through the Hoa. Charles E. WU- 
aoq, Secretary of Defehfie)^ *2 loug- 
tfliled fowls. 

JawarshI, Stcphfoi, Rcthe^da, M6., 
mallard duch bybrlil 

Jennings, MIchaolp S common weLxhniB. 

Johnoon, Mtti. H. W.p Arlington Va.p 
horned lizard, 

Johnson, JnlJa Arllnfiton, Va,, east^ 
erti sknnlc, 

Jobnann, IL Eup East Riterdalpp Md,, 
blnQ Jay. I 

JoDf}s, Bronila, Arlington, Ya., 4 Pekin 
dacha. 

JoneSp Mrs. H. T., Norfolk, Ya„ raccoon. 

Jonca, MolTfop SllYer Springy fifd.p 
spotted salamanden 

Jones, Tom, Arlington, Ya., imapping 
turtle 

Jooea, WtlUain B., Jr^p Arlington, Ta., 
hog-no^ Kiake. 


Judsonp mardap black rabbi L 
Kalmp Bbarom Stlrer Rprlng, ald,^ 2 
FeJkih ducks. 

Kale D. R., Arlington, Ya-p 2 Pekin 
ducks. 

KerFp lira. Victor H.p Falla Ckurth, Yfl.^ 
3 blue jaja^ sparrow, cardlnaL 
Kllhump I>r, l4iWFenoev Entebbe, 
Cgondat 4 bombtUgj African aide- 
neck turtle, African yellow-bllied 
kite, etarllng, Aftlean groand 
sauJrreb 22 rhameleoua, monitor 
ILzurdp AfricELQ palm clTet, boom- 
alaag onake, 2 hinge-backed tnrUea^ 
dormouae, H rfltav 2 geneLgi 
Kli^nacp Kathleen, Accokcckp Md.p 
white skunk. 

Else* W. Kent^ Tdtoma Part, Md., 

Calniag^ 

Kdnt^ J>r. Itobcft EL, Betbe^dq, Mi, 2 
pilot blfick flnbkea. 

LaOee«s, Wener. Hambute, OtrDiany, 
beilgeho^. 

Lanpy, Colbert, Sltrer SpriDg; Md.. 

OpossnnL 

Lordner, Mrs. Lyn, Sil?or Spring, MC. 
3 Pekin ducks. 

LatiBp Mrs. James B.p^ Bethosda^ Md., 
crab. 

Laurellp Mra. 3. F.* caiman. 

Lefacar, Reglaftld^ I>erwaodp Md., red 
fog, 

Lererenz^ Joseph^ Alexandria, Vm, doK 
mestlc rifebblt 

Llbbyp Mrs. Uonel M, KenalaEtoo, Md., 
cedar waxwlag. 

Llebonbcrg, M., American onolla. 

Lillie, EL D., apnrrow hawk. 

LIRy^ Eileen. clomcaUc rabbit 
Linden, Ctaarles J,, Falls Church, Va,^ 

Ctimberlaiid turtle. 

Llndnerp t^onard ChEirles, Oftkton. Va,, 
homed owl. 

Lions InternatloEalp Chicago, IN.p Afrt' 
con lion. 

Lloydi Darnel black-widow spider, 
Locke, Otto Martin, New BrauMels, 
31 boroed li^rde, 4 T^xna 
dUinond-^baek rattlcauakeA 
Long, Wh c^atmin. 

Lonquar^ Mm. Mary, domestic rabbit 
LpTeil, tY. Dkj, HyattsidRe, lid., oapfoy. 



BECRf^fAUT^S REPORT* 1X3 


BrendB, Feikin dock. 

IniUilwIg, Cl]Arl4!ii Gh* Arlls^oiip Vn^ 

•CntHm Amtzoti parrot, 
lijiick, Dntifl, mbtitt, 

Lyoft, JamcB, Oictj Md., PeMn 

dnl^. 

Lyon, Margaret, AtUbtcoUp Viu^ 2 PeklR 
iluqka, domqatlG rabbit 
Maodrln Denise, Indian 3£d.. box 

fartle. 

MacDnnlct Rutb. talking cntflab^ iiuckcr 
catdsJi. 

MacKlcban, Robert Takobiu Park; Md„ 
painted tnrGo. 

MneMaugb, Mra. F. red-lieailod wood¬ 
pecker. 

Mallqy, Mra Jobn W,, CboFj Cbe^, 
MiLp a Pekin dnqlli?. 

MncDoglaD, Davldr optKRanm, 

ATarett, W. Betheada, Md., Pekin 

duck 

Marker, Mrs. CGtlierlae, Florida 

turtle, I 

Marsbnll, Dr, P, p,, pljpeon. 
niartlDp Mm Klflle S,. Arllontod, Vn, 
Fqkln dock. 

Mqake, Jctry^ tnrGe, 

AfJitkewffH T. O.p Arllogton, Vn.p gnlhen 

Pljfr 

Mattingly, Bprnnrdp Arlington, Va., 2 
domestic rabblta. ! 

ATcAfeet Mra. D. D., Beat Ploosaiit, Mil., 
Enfftlfil] sparrow- 

McCabe* Johijp Arlin^nnp Vr., *10 dock 
bawka. 

UcDonuJa, Paul, ArlEogton, Va., i»c-| 

coon, 

MetJonaia. Sjct, S. D.. and iTr. Holt, 
Fbrl My«r, Va., gray loi. 

McOrttder, Mrs. VlrfinEn, KiclimoDd, 
Vo., *aqDliTeI mankey. 

McQavtra, Tqni and Jim, Silver Sj}rlnff. 

Mdr, o^kiHg nTiY 

Mechlin, Dianne, 2 Pekin docks. 
Merynan, Unroiil T., Cabin John, Md., 
wnier anako. 

MetcfUfp Robert luid lUcha rd+ eaiinan. 
Meinler, John C.. Fort Jlycr, Va.. oom- 
mon Crow* 

Meycrp Lt CoL O. Itp AlexanLlrln^ Va.* 
borned U^nl 

Mlekcy, l>oiialdp Delhesdn, Md.. pilot 
black ^ake 


i&liller. Catberlne, Itklunond, Vn*, gray 
sqolrreL 

Miller, Edwardi 200 guppies^ SDO adnllB. 

Miller, Josepb B., White Piotnap Md., 
turtle eggs, 

MUia, MnJ. Gcn^ John catmnn, 

MSllHp Vimi nnd l>anmp ftllrer S^prlng, 
Md.. 2 Pekin dneke. 

ABracIo, Hector, AfliogtoD, Fn,, VIr- 
gjnlB ralL 

Molta, Cbarlcgi^ Alexandria, Vn.e cotlon- 
talL rabbit 

Monettrep Griff, Arlington. Tn., 2 flying 
Beulrtelo. 

Jlooey* Ibirk Lawson, Jr^* Vletinn^ Va., 
atiapplng turtle. 

Afonksp Dr. T* It, 'woolljr monkey. 

Monohon. Frank, Silver Spring. Md p 
dopjO¥tic rabbit 

Monro, Howard 10 gnlnea piga, 

Aloran. Jobu C.p Alcrarrdrin, Vn„ Fckln 
dnek. 

MorrlHp Chnriea A., dotoestle goat 

Moserp Glen L., Hyattirtllle, Md.. Flor- 
Ida water turtle. 

Murplay, B. F^ Jr-t Cbery Cbnae^ Md., 
Pekin duck. 

iirctff, Z.. Coilego Park, McL, 2 Pekin 
dnek?. 

N's^Ti 13- J>epai ttfMentof tlie (tbrough 

Lbc Hon- CHiflrlefl S, TbotnnSp get> 
retflty), 7 cnij^&mr imngiilnB. 4 
Allelic i>oogolJi 3 L 

SelmUf Mm Alrerinn H, domcatle 
rnbblt 

NetBon, Wallace, Silver Spring, Md.p 
corn snake. 

Neivton, Joanne, Sliver Spring, Md., 
Caniberlnnd turtle. 

NIcholaon, Jobn Beltsvllle, Md^ 
moeooa* 

Nlcodonina, G. K. Retbe^np Md., dn- 
mcatle mbblt 

NIcoIIb^ Barrett, ArUngton.* Va.p Pekin 
dndt 

Xormnti, DnvJdp Hynltorinop MA, 
homed lizard. 

N'orrlSp G. E.+ 2 Fokla ducka^ 

Xortb Atlantic Fortlllaer 4 CbemkaJ 
Co„ New Vorkp N. *2 Indian 
pythOM. 

O’MeatH. Fatrlek J., Arllogtop, VtL^ 
pilot black snake. 
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Bar^ Bird Fana* Miami, Fla,, king 


Ore^H Mrs. Frank, Jr., FAUa Chiirctt, 
Fa,, codnr wajcwtng, 

r&den, Janie, Arlington, Yn., Bkimt. 

PakifitaD Ahihasaador, Amjad All 
(tlirauab FOAK B^^ngal tiger. 

Palm, Harrr W.* ArlinEltja, Ya-, flj'lDe 

EHinlmL 

ran Ameiloan World AlrwayB, New 
York, N. y* (t±ircniKn Mr, Samuel 
Pryor, rice preatdent)* K Hoh' 
beoded mannOHetet ^ Balllon^a 
toucaneia. 

Perlatii WlllSam. gt^y fox, 

Pnrkeri James. 2 Pekin ducka 

L^ark^ F, N., Silver Spring, M<L, 
ealmam 

Payne, Fentim, coatlmTindS. 

Payne* MelTln, Jr.. Silver Spring, Md„ 
smooUiTaealed grsfla BURke^ 2 Pokln 
ducka 

Perfection Stove Co., Cleveland, Ohio, 
11 HnmbokU'9 penguliMr. 

Perry, Enj^eue, Hynttavllle, 8 do¬ 
mestic raMiIta 

Pertin* Mrs, Margaret Ana, Betbasda, 
Md., Z domestic goatn. 

PetersoD, Edwin H,, "cralinQinm 

pbllndelplito Zoologlcnt Oardenji, Pklla- 
delpiifa, Pfl„ lO sonthem copperhead 
snakes. 

Pltterllng, Eric, Arlington, Vn., BqnSrrel 
tnonkey. 

Poole. Edwin, W., HyattsvPle, Did., hy¬ 
brid dock- 

PoBalnger, Knrlln, Takoma Park, Md., 
red-iined turtle. 

post, Mrs. Herbert A., Chevy CbaBC, 
Mil, 8 Pekin duckSi 

Poller, Mrs. Lloyd A,* Betlicsdap Jld-, 
coiiperbcad Fnake. 

Powers. Jimmy, Silver Spring, Md., do¬ 
mestic rahblt 

Press, Aribnr F., Jr., Belheeila. MiL, 
copperhead snake. Umber rattier. 

Proctor. Carol, Chevy Chase, Md., 
opossnia. 

Pnmphrey, Don, Bladensbnr& Md., com¬ 
mon water imake. queen sanke, 
gtant toads, *MurrHy turtle. 

Pnmll. RfllpTi M., Chevy Chftse. ild., 

Bk unlL 

Racoosln^ Robert Em 3 Ctimberland 
ttirtlen. 


pengnlnB. 

Heed, Jack* Tampa, Fla., horn-nosed 
Iguana- 

Regan, Joi^pii H.* College Park, Md.^ 
domeaUq rabbit. 

B^chel. It J^ myer Spring* Md., 2 
Pekin dncrka. 

Rein, Gerald, grass parakeeL 
Beluke, Mr+ and Mra. William A., Mount 
Rainier^ MiL, sknnk. 

Better, C- JVm opossunL 
Hemingtou, Edward, Betbesdfi, Md^ 
raccoon. 

Benael, Del, prestdent* Slick Airways, 
New York, N. T., bnrfo. 

Hew, Raymond, Ftederick, Md-. 4 wood- 
cbncka. 

Rlindos, K. G,, Aleiandria, Vft., canary. 
Hlehel$en, H., 4 douiofltlc geese* 
Rickard, Mrs- Nelson, Virginia rail. 
Rldgely, Mm A* O., bine Jay, robin. 
RUoy, Don, Bkunk. 

Rivero. Dr. Juan, Mnyagfleo* Puerto 
Ricow 2 Dlona Island Igiutnoa. 
Bobbins, Larry* Silver Spring, lid., pilot 
black anakt* mud turtle tunsk tur¬ 
tle. 2 painted tnrttear 
Robert, I^wrence Wood, catmAb- 
Roberljitcin, A., 2 Pekin dneks. 

Rflgg. David, FalJii Church, Vr,, caiman. 
ICoUln^ Wade, Forestville, Md., pilot 
blade annke. 

EuheL Mary, Batbesda, Md., domestic 
rabbit* guinea pig. 

Rudkin, John T., W. HyattsvIUe, Md.. 2 
aUtgutora. 

BosseU, Mm. Rdward^ gmy aQUirrcL 
Banner, Roland Pekin dock. 
Saundera, Stephen, Falla Churefa, Ym, 
*13 parakeets^ 

Savage, Frank, Rodcville, Md., *rbeBtia 
monkey. 

Kelierer, Mkhael, pine llMrd, Bala- 
mondcr. 

Sebribnor^ E-, nyaltavlUc, Md., Java 
flneb. 

SchwnrtE, J^ M., domeatk cbickem 
Scodelcl* John, bine honey creeper, *stil- 
pbur-brensted tonean, 

Seegma, Scott, McLean, Va^ "boa eon* 
itrictor, *I1oridn ckamolaom 
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SeielstBd, Dftvld, BHver St>cliig, Ud., 

fieptljv«da, BoLby, ftiuipiJlDp turtle- 

Sliauahsii, Urs. Jl, BeLbeEila, Md.k Si 
rin^-necked dorefc 

Shaw, Elrtk, Vam, CrlL-t, find M, Fair' 
fax, Vtt,, 4 fOJWa, 

Shcrwcod^ Bolifrt, Sllv#r Spring, ild-* 
CLfiBteTD wfafieL 

SliDlfiT^ Lyon AJeiotldrlu* Va,, white- 
throfited cfiptJcMn. i 

Shook, George R., Yoimgi^towi], Ohio, 2 
horocd Lizards 

Sldwell Friendi SdiocU 4 guinea pi^ 

SlimDons, Curl Newmarket* Va., a 
copperhead enokea* pectoral band- 
piper, langhlog giGL 

Slmond-^ Joseph, SLlter Springy Md., do- 
mesdc chkkeiL. 

Slngleterry, ilartiia, Betbesda, Md-* 2 
homed llzardfi. 

Skelton, K, It* ealinftn. 

SmlUi, Arlbnrp AfUneton, Vfl., *turUe. 

Smithy D. oyo^unn 

Smith, Un and Mrs, John T,, Jr., Eton- 
rovla, liborin, ehlmpantee. 

SzDttfa, kUke, Bethofida* Md., gra^ 
BqulETOL 

Smith, VYIlllam A., Arlington, Va^ 3 
Pekin dneka. 

Snyder, Capt Francia C.* a eottonlall 
rabbits. 

Selotnon, Daniel tj., DyattsTiGe, 2 
Peklu dueka. 

Sonlhard, Robert Lr, FallR ChlUfeh, Ya-, 
domestic rabblL 

SpCDcer, William, HonkTlLe, hid., do- 
mcstlc rabbi L 

Spltzer, Glselo, SUror Springs ^d.g 
Cfilinan, 

Staley, CapL P. O., 4 liee blrdai 

Stelnbarge, WaynOi Chery Chase, Md., 
•American crow- 

Stepp, Dick, KlTcrdale, Md., pUot hlllek 
anake. 

Bterens, Jody and Eric, Arllngiton, Va., 
Weasel. 

SteTena, Miu Mfiry E., Silver Spring, 
hid., flying HiulrreL 

Stevfiiis, Robert A.. Sllrat Spring, Md, 
caiman. 

Stewart, Carolino, homing pigeon. 
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Stewart, Mrs. H. 0„ whitfrthroated 
eapuchlm 

Stone, Keoneth M., Arlington, YUm ^ 
Pekin docka. 

Storo^ Hnraltl Helmorn Silver Springn 
Bld^t pilot black make. 

Strang, Robert* Silver Spring, Md,* 2 
PekLn ducka. 

StrooPj M. A., NeWTaarket* Va., G 
tguanaa. 

Stuart, Franlr, 2 chickena. 

Stuhba, Mm. F,, domestic pigeon. 

StnrlDO, Joe, T baby aEM>^Dmm 

Stylfit Tbomaa \V<, Takoma Park, Md., 
Pekin duck, 

SivUt^ Mra. H. M., Kensington, Mil, 
rlng-neched phenaant. 

Symonda, llri, Edward, McL^mit Va.* 
gray fox. 

Teagle, Dougina, copperhead snake 

Temple Manor Kjuderi;arten^ upossnm. 

Terroll, W* Takomft Park, Md., 
*pygmy rattlemake, *5-11 ned sklnJc. 

Thomasaob, Mm. 11 l^., .:VrILngton* Va., 
domeatle mbblL 

Thornton, Peter, domestic rabbit 

Tice, MfSt, wliJte^throat^d cspnchliL 

Tlnnla, Lev M,^ Jr., Silver Spring, Md., 
caltnam 

Toainnaon, R. -Aicvandrln, Va., 2 
Pekin dnekfi, Ocoffroy's mornHiaet 

Tonrtelotte, Lt CoL Frankiln IL, Alcx- 
aadria, Va., •Eplder monkey. 

Towers* RJchard> H^attsvllio, Md,, 2 
domestic rabblth 

TewHcr^ Nfiney^ Fort Lee, Va., 2 Hying 
squirrels. 

Trigger, Mrs. Lona, Gaithereburg, Md., 
whlte-tbroateil capuchin. 

TrundiOi, E. owl monkey* red foi. 

Twigg* Snaan, Alexandria, Ya^, •boa 
constrictor, 

Tyier;, F. D., Aleyandrin, Yh-* American 
crow, 

Tyrrell, W, B., Takoma Parkp Md_, red- 
boiUed turtle. 

tirimpiL, Mrs. Yiridcto, raccocm. 

L^nderwood, John, Surer Spring, Md^p 
domestic rabblL 

United «>rehral Palsy of Washington, 
D* Ch red bowler moakey, 3 cottoii' 
top mannoBeta* G hide tanagera 4 
BafiTron dncheil 
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U. Flsli BQd Wildlife Service, Ctan- 
bridge^AId. (thmigli Daniel 
cqfiTasbacb duck, red-beaded duck, 
lesser scaop dock, cmt, bald eagle. 

U. S, Fish and Wildlife Serrice, Safd' 
oaWi Micb., 2 wblfitlKiig awana. 

University of Colorado lIuHcomp Boul¬ 
der^ Oolo., cblptuDiik. 

Uraiiip Mra, P. M.p MclieAti, Va., akimk. 

VoM Dascn, W, R., AlcxaadrU, Va,p 
Aingator. 

VaDl^onete, ATfonsoH 23 parakeets. 

TaaPoackep Mrs, A,, 6 parakoeta. 

Via, Dr. HugliT Portsmoutb* Va.p box 
tiirlle, 

Vfi]lfo>OT, Itobertp domeatlc mbblt 

VliiBOn, W. E., FaIJa Clmrch, Vt., Cali¬ 
fornia spotted skunk, f^olbea pig. 

Virginia Hepdlo and Tropical Bird 
Pana, Newmarket, Va.p peacb- 
faced lovebird, 4 Java rice blrds^ i 
yellow tean lliard, African knife 
IS cottodmciiitb moccaaios, 0 
water enukcsp 2 Florida wRter > 
Aonkes, S pilot black anakesp 2 
racersp 13 baby (>opptrheAds. •SoaUi 
Amerlcaii boa, •emerald tree bon, 
•yellow ball ^nake, •ptne ball 
shakcp *lpdi^o snake, ■cbfckefl, 
T^oke. *3 red rat or eom aimkes, 
•9 oUlirntDrSp •tlidbcr rattlemiakep 
•copjierhnadt *Florlda kltiE smike, 
*2 ringed coircaaetA, •sulphur- 
breoiited toucan, ♦it ceckatlela. 

Tcogcr, W, B„ Silver IBprlng, Md.p dO“ 
tPeslfc TDbbIt. 

Voua^, Bab, domestic mbblL 

Toncii?, Ron, Chevy Cbase, MiJ^p rarroon. 

Wlij^norp E, O., 2 allLjratora 

WaJkopp Joe, l^ndover, Md.^ night 
snake. 

WaJah, rs. J+p Z\^kfrt daek, 

Walter Reed Army hlHlkal CSenier, •!? 
cbimpiLaEcea 

WonncII, Raymondp Silver Spring, Md.p 
toad, bog-noaed anake. 

Ward, F, S wbUo mice. 

Ward, Stovet Tokotna Park, Sfd., red- 
lined ttutlep Florida water turtle. 

Warner, Toby. Bctbeflda. Md„ water 
snake. 

WnsblJigton Anlmnl Be«cuc Lcniroe, 
weepi ng capodiln p ocelot, i 


Watkinep Howard Jr,^ animator. 

Watte, Charles ly^ Jr„ 2 Jam finches, 
red-lined tnrtle. 

Wearorp dUef Warranc OfHcer W. B-u 
Fort llyer^ Va*# doniestir rabblL 

Webb, Henryp opodsum. 

Weberp BUly, ML Rainier. Md, 2 alU- 
gatorsL 

Webafp Walter Au, (^ikton^ Va., Terrot 

' mirnkj^Y* 

WehsteTp Clark G,p glass lizard, 

Wegener, John Arlington, Va., Pekin 
duck. 

Weir, Mm. R. H.p SUver Springp Md.p 2 
flying sqalmelsv 

’WenderotL Patp BethesdSp Md., 2 
oiiossnnia. 

Weff4 David W,, Chevy Cbafte, Md.p 
eottonmoath maccasin, 

\\Tialen. Billy* Silrer Spring. Md* cai¬ 
man. 

WLeelcrp Kendall, Cbevy CMae^ Md., 
Fokin dnek. 

Whetaeh Mrs. Hilda L., afanaeffiift, Va.p 
2 raecooaa. 

WhUCp CapL Robert C.p Arlington, Vn.p 
coatimiindL 

Wbltley^ W, F,^ Jr,, caiman. 

SVlIUaniB. P. D„ MjattortiU;. Md,, 

raccoon. 

Wldinma, Mrs, Rt^rt E., RLverdnU, 
Mdr, domestic rabbit. 

WitliamBp Roliert ELp Falls Church, Van, 
domestic rubblL 

Wilson* Bandy, opossum. 

WJnkp I* J*, Silver Springy ifdr, P^tn 
dnuk. 

Wlnnocker* Panl, Gbevj Chase. Md.* 4 
^Inea plgsu 

Wise, W. W., BJIrer Spring, Md.p dfr 
tneedc mbbiL 

Witt, 1. a, 2 copiwrbead snakes. 

Wolif+ Stereo, 2 hnniatera, 

H. B, Arlfagtou, Vii., 2 apaiv 
row hawks. 

Work, Fred A,p AleyandrUp Va., alii- 
gatOL 

Workman, Mrs. Ira. Crestrlewp Sfd., 
opoasum. 

Worthington, Soiidta, Takoma Park, 
Md„ Chicken. 

Wrlghr, B. T, Chevy Chase, Mil.p rabbit. 

Wyc’koJT, wmiAfDp Arlington, Va„ ring- 
peeked pheasauL 
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POIICffASES XKB E1C9AHCE5 


Oatstanding animals obtained by ptirchase OT ^change were: 

A pair of rare flat-tailed otters {Pieroimra brasSieme) of Brazil. 
These hare thrived and made a remarkable growth. The}^ are still 
yoiijigsters, but the larger one of the two is now about the size of the 
big North American river otters. They Imve peculiarly flattened tail^ 
that look like oars. The Zoo has previously had only two small young 
ones, which did not survive. 

Four king penguins {Apt^^iodi/teA pett^^onica) were purchased and 
three othera were deposited for a few days by the denier* These are 
slightly smaller than emperor penguins but because of the rich golden 
color on tiie upper breast, they are even more beautiful than tbe em¬ 
perors. These are tlte first king penguins in the collEction since i04T. 

Tlirough exchange with Sir Edward Hallstrom of Sydney, Aus¬ 
tralia, a choice collection of Australian animals was obtained. lu- 
cluded were a pair of rat kangaroos (Ilypsiprym^wd^ 
which are marsupials about the size of a fox Hjuirr®!; four binds of 
wallabiee^ which are small kangaroos j and sis kinds of birda, all choice 
from an e^^iubition standpoint. 

Tlirough eichangu with A* M. Greenhall of the Zoological Society 
of Trinidad, British West Indies, nine kinds of animalB from the 
Island of Trinidad were obtained. Tlicse were highly desirable ad- 
fUtions to the collectiona. Outstanding among thorn waa an oxcop- 
tionally large bushmaster anske {L^he^is 

Two of the eitremoly mre Allen's monkeys (Allen^^pithecus m^ro- 
vijidi^) were received* Only two of these had been in captivityi in 
England, prior to the spring of 1953, when the Zoo obtained two of 
them in May of that year. A few have since been brought to this 
country. 


Another interesting accession was a young female bippopotamus 
(IIippopi^i4imn4 about 3 years old and weighing 865 

pounds when it was received on June 29, 1955* It is hoped that she 
will grow and produce young. The Zoo lias benefited greatly over 
the yeara from the exchange of young hippos bom here for other 
animals needed in the oolloction. and not otlierwlse obtainable. 
During the year there have been received from J. D. Ilandman, 
of Nyasaland, East Africa, several ^iipments that have been particu¬ 
larly desirable ac)cessions* By getting the animals directly from the 
CO ector, many not ordinarily available fhrnugh animal dealers have 
been obtained* 


The foUowing were also obt^ned by purchase: 

Twenty-five African mammals, birdB, and reptile from tiio Kenya 
region in Africa. Outstanding among these were two giant Aldabra 
turtles (7^ el^phoj^itm) of stock that is now thriving in Africa 
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’whtre they were introduced from Aldabra Island in the Indian Ocean, 
There was also a black-backed jackal {Cank , the fir^ 

that has come to tliis collection since 1024. 

Two beautiful examples of the red uakari monkeys (Oacajao mhi- 
cund^) - These monkeys are rare in collections, Their long red hair 
and brilliant red face® make tlicm outsUmding exhibit aniiuals. 

Twelve pygmy marmosets {Cebuella p^gm^ea)^ Two have been 
born in tlie group and are thriving* Until the last year or two these 
marmosets were very rare in collections^ but apparently itie region 
mhabited by them is now being drawn upon by animal dealers. 

Two Philippine Inlands monkey-eating eagles {Pitk€c&p?taga 
jefreyi)^ Tlijeso large remarkable eagles arc rare in the wild and in 
captivity. The national collection has previously had only one. 

Two young Asiatio tapirs indica). 

A fine specimen of white-handed gibbon (HylahiUe* 

A tame serval cat {Felis gerval) of Africa, the first of its kind the 
Zoo has had for many years. It is a cat of remarkable appearance, 
with very long ears and fairly long legsL 

A galago cramcaudajtw] from an African oontacL This 

is one of tlio large galagos, a nocturnal primate tliat bears but little 
resemblance to the monkeys. 

Through exchange two young ostriches {SiTuthio camelug) , a fe¬ 
male mouflon mtmnum), and a tahr (IJemitr^stgus jemlahicug) 

were received, 

Otlier accessions were: Rare and beautiful birds of the parrot 
group—Finsch^s parrot (Am^i^ona firischi) of South America^ Rosella 
parakeet {PIntycer^Tus from Australia, and rainbow para¬ 

keet {Ttichoglogm^ moluccanug) from Australia^ the last being the 
first of die kind in the collection. 

A tawny frogmoutb {Podarfft^ gt.rigmdes)iW. Australian bird that 
looks like a gigantic light-colored whip-poor-will The peculiar form 
and pose of this bird is a never-ending source of wonder and interest 
Co visitors. 

Two concave-casqued horabills Jicormj), These are 

large showy Asiatic birds which, with other specimens in the col¬ 
lection, give a good idea of the remarkable forma attaliicd by this 
group of birds; 

A white phase of the peafowl It is many years 

Bince the Zoo had one of these showy birds, and although it is not 
particularly rare, it is an interesting eihibit because it is so beautiful. 

fitHTBS AND mATCBIUCA 

Conditions nndBr wliic^ snnnals nr® kept on Rxhibition nro n^unUy 
not favoriablB for breeding or raising yoking;. HoweTer, occasionally 
young are bom or batched that are of outstanding interest to the 


Snzrtmqp'j nqntli. 
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tjjjht «[>cvitrf nf HnnibilU on cxhiibLiion In rhc Xiiinnal ZtKilojficAE Park - 

K Bbck-aiid-wliitc btimWII 2, -NIilftj'an HOTribpll 
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Jjflt, MasLcd Siki mDnkt^ pj'/A/if m) cnhibiE^J in Nilbna] 2^b};[cAt Parl- This mankcy \% uncoinnuiii in cnHwilnfs* beC4HJ« \l i]r>«f noL 

thrive in C4iptivily+ Righif Gt>e1dk'i rn^nm^et (CcilimKo Onlv a fevv ipei^imeiiip ifom widelj' tcaciertd po'imi ti the htAdwAtcfB of the Amai^a 

River, Wttic ktiDWn tu the aeieiitihc worlJ prior Eo 195^4, bui since lluctl hcVctilI kavc been bTniij^ht into the markrlB, (Rhoto^i^aphi bv Kmcil P- Walker,) 
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PVATE 7 



l, Foussa (Cfyjxapwla//™}, a Maiagaiwr animal that li reUicd to tiE idvei »(jd i* w- 
ircnicly rare in inllMtiona. Thii example if the (trat that bu been cxhtLiitnct m the 
Naiki'nal Zooig^cal Fark. 



2. Bratlick’l paea iDinomift Katksnal Zwlopw^ Park. »" 

that hat bMn Hhiblted m BXM on only a ten ootafiotil- I aliabiU the m«iatain» ol « 
Peru. (Pboioeriphi by Eriiest P. Wallter.) 
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public, and are Taluable as additions to the group, or for eichange. 
Outstanding among the births at the Zoo were th® following i 

A female gaur {Bibos gaurua). These magnificent wild cattle are 
of such rarity in oollections that very advantageous terms can be ob¬ 
tained in eschange for those in excess of the Zoo’s needs. 

A fenmle Grant’s aebra {Egwus burcheUi bohmi}. It is an attrac¬ 
tive youngster and a valuable addition to the wild horse group. 

A DeBraazii’e guenon {C^fcopithecus 7iegl€ciuB)f a moustache mon¬ 
key {Cercopithecua cephia}y and two Barbary apes {Moeoca aylvor 
niw),all of them thriving. 

The pygmy hippopotamus {Choeropsis l^erieTtsis} produced one 
young du ring the year. The baby (female), bom Jan uary 30, 19S5, 
to Matilda, weighed 15 pounds and was the motlier’s ninth child. This 
is the sixteenth product in the Ifational Zoological I’ark. 

Three more bear cubs (2 females and 1 male) were bom on January 
1,1955, to one of the pairs of hybrids. These are a cross between an 
Alaskan brown bear mother {Ursus insddendo^tffi) and a polar bear 
father {Th<U<trctos marUiifiua). They regularly produce young, but 
so far Only one, now years old, has survived. 

The herd of Chineso water deer {Uydropoeeg inermis) continues to 
mnltiply in a gratifying manner, sometimes producing as many as four 
at a rimp. The mortality of the young is rather high, but in spite of 
this the herd increases rapidly. 

One of the group of pygmy marmosets {CebueUa gave 

birth to two young which have gro^vn rapidly. Until the past year 
or two, these marmtsets have been rare in captivity and have generally 
not done well, but this group is doing well. 

A water civet {AtiUta paZmfinoews) was bom February 28,1956, to 
the pair obtained August 19,1953. It is thriving and growing rapidly. 

Three crested screamers (CAoofio torgMCia) were hatched. They are 
South American birds about the sise of a largo chicken but arc related 
to the ducks. 

FoUowing is a complete list of the births and batchings: 


ScUntifie naiMfl 
_ 

Aiilast piiivdinwuM ___ 

_______ 

_ 

BulmJui bu&ofit_ 

Capra ____ 

CebuiUa 

__ 

__ 

sTcraao—ae— b 




Ciimman fsamfl 

Adudul, or Bstbaiy elioop--- J 

”_2 

_ 2 


, Watordvet^™,-- 

^ Gaur^..^_- 

( Brftlsb PiJrk catlter— 
W«it Highland cfrUlo- 

. buffalo- 

Common -—- 


Pygmy marmouetf^^-w^—— 
Mouatafibe monkey--—^ 

DeBraua^a --- 
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Setmiific name Cammtm name Number 

Cerpu* daphut --- - Ecd diw- --— 1 

C^fWfopfla - --Pysnij- hipppopotamus. -- 1 

Cheloepua didaetpiue^^^^ ____ Two-toed slatii--- 2 

OfNreult^ paa3_,_ ____ - --- 1 

_ , jBwwij fallow . 3 

- - -^white fallow deer__. .. 1 

Egziiif !wcAffit __ __ _ —Granfi --— I 

Peftt _ _ lion-- 8 

Giraffa eamdopardnlie^^ ___ Nubian girafTe^^,^- 1 


Chlnoao water ^ 8 

Rftt kangaroo. . I 

African porcupine--... _ 2 

Llama_. ___ 2 

AlpacB-^_ I 


Hifdropntee inermif,,__ —-- 

Hi/psiprpjn nodon m<KPcAofxH _ -- 

Hpsirts ___ 

liOma (?ifaiJiQ^,__,_ _____ 

Lcifna pfiPOi___ ____ 

Zieanioeebite ■raiailiO--,-^-_^--.--.-----w^,r Uon-hEadBci iiianiioset_-_^_^^-.^ I 

Macaca Myttfunue -- -— Barbary 2 

f>docot^ciu ratencen^i*_Coata Rican dfier__^- -- 7 

OitecoT^lciij R>^'nte^ -— - Vjrgjnia deer— - 2 

OW# - -- MouHoa^,—1 

PATwomifa __ Slender-tailed cloud rat-2 

P«pA4igwfl -- - Yak_^.—-- 1 

fitlui ntppon..---^---- - Sita deer^.--.- 1 

^f%d^rir.fo« mariiimut X Urtue itiKfdffidorJ??- Hybrid bear (2d generation) —- 3 


A nos prsl^A^n^Aw---- 
BranUt emadeneit—^^-^ 
Cairina moiehata-^^ — 
C^ufui i^rquota - - - - 

f7a/fu4 

torus nevoehoUandiae. _ 
Afctej>4iffa(rut undufofu^. 

Fodda orfjfiTOfa - - 

Pave cndalue —- - 

Sphemscue humbddtL^^ 

SirepUfpelia decaoetv - 

Taeniopypia c-Mfonofii.. 


Ancfsl^odcm mohesan- - 
Afun'atrodon jn>fiiNMTrt* 
C^^oni^tdon 

EpicraXes cmcAno--,,- 
Nairi^ e^^iopion----,- 

Natrix sipedon^. -- 

Natrt^ sspSemmitaXa - 

^cincur ejpa'rtoft#^--.- 


aiRD9 

__ Mallard duek,„_.___ ZB 

_ _Canada goofle_^_^_^_^___^_^_^_ D 

__Muscovy duck-,*__ 3 

__ Ctested screamer.-**-3 

iFlfbUng fowl,__ 2 

^"'"“iRcd Jungle fowL*-*-***-*- 2 

_--* * Silver gull—,,---.-2 

-*-** Grass parakceU.^—-- 14 

^_Java flpwow__.,. 24 

,-_ Peafowl*.____, 7 

Humboldt's penguin-__ 2 

Ring-necked dove,,,___ S 

_Zebra finch___ 27 

HtPI IL.Eft 

_ Copperhead snake___ 2 

_Cotloiunouth moccaslo BDake-_, 4 

African cbaineleon*..*,-^_ 6 

__ Rainbow bOB-___ 2 

__ Green water snake___ 14 

--*.* Water anske.___ 11 

,,,_, Quoen snake-.. 10 

- Egyptian sand skinkfl-.*,*-*-.. 1$ 
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PROBLEMS 

One of the most chBllengirtg of Zoo problems is caring for new 
ftninmls or tliose that have not generally thrived in captivity under 
methods used before. This is particularly difficult with fKcngiiins. 
They are kept in a glass-fronted refrigerated room 22 by 13 feet under 
conditions suitable for these birds from the far south. Several dif¬ 
ferent kinds have been kept successfully and even emperor penguins 
have been kept as long as six years. However, they are especially 
susceptible to aspergillosis, n fungus growth that develojjs in the 
respiratory tract and even progresses into other portions of the body. 
Prior to the receipt of the king and emperor penguins, the cage they 
were to occupy was given a thorough cleaning, and after their arrival 
improvements were made to better their environment. For the most 
part, these consisted of lowering the temperature, redacing the hu¬ 
midity, and providing more perfect filtering of the incoming ait. In 
spite of aU efforts;, however, only one emperor penguin was living on 
June 30. The king penguins, which were received shortly before the 
arrival of the emperor and occupy the same cage, are still thriving. 

Since the problem is of far more than academic interest, it might 
be well to point out that the AtpergiUut spores are known to exist in 
soil and are probably of very Avide distribution. Under some condi¬ 
tions chickens, turkeys, and ducks are subject to aspergiUosis to such 
an extent that raising them is a difficult problem, and diseases some' 
what similar occasionally occur in humans. Therefore, what is 
learned in efforts to control aapergillosis in penguins may be of use in 
solving the problem of control of the disease in domestic fowls and 
human beings. 

The flat-tailed ottere {Pter&nuTa IraxUiense) are so rare in cap¬ 
tivity that every possible effort was made to insure their survival. 
Since they are animals of the warm waters of the Amazon, a special 
installation to fill their tank with water at an accurately controlled 
temperature of 80“ was provided, as were facilidea for them to dry 
themselves quickly when coming out of the water so that they would 
not become chilled. They arc making splendid growth and because 
of their great activity are first-class entartainers of tbe public. 

MAINTENANCE ANB tMPROt^tENTS 

The routine work of maintenance and construction, which is car¬ 
ried on practically every day of the year, consists of such varied tasks 
as the remov'al of stoppages from drains and sewers, repairs of faucets, 
doors, cages, water lines, steam lines, boilers, refrigeration equipment, 
buildings, roads, and walks, and innumerable misoellaneoua jobs nets- 
essary to keep the National Zoological Park in a safe and presentable 
condition. The need for the exercise of great care in working around 
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animals makes it necessaiy that practically nU this kind of work be 
done by the Zoo ’'9 o^m specially trained workmen, who must not only 
perform mechanical work but must cooperate with the keeper force 
and at all times exercise the utmost care that nothing is done that will 
inpire the animals, the public, or themselves. 

Because of inadequate funds, maintenance and repair work for the 
year was limited to that which was most urgently ne^ed. 

A new roof wag put on the lion house, and new skylights were con¬ 
structed and installed. 5Iuch of the material used in the skylights 
had been salvaged, and some had been obtained as surplus from the 
armed services reduction in stock. 

At Uie end of the fiscal year reroofing of the antelope building was 
well under way. 

Two frame buildings used for emergency housing and as winter 
quarters for some animals were given an outside sheathing as 
tection against the weather and to obtain some degree of added in¬ 
sulation. 

Throughout the year, and particularly during the wann weather, 
the entire heating plant is given a thorough overhauling to make cer¬ 
tain that it is in fiist-claaa coodition and to reduce to a minimum the 
hazard of heating failure. This is an extensive job for the Zoo’S 
limited maintenance force. 

Yentilation systems and refrigeration plants for the penguins and 
for the preservation of food are all watched carefully and maintained 
in the best possible condition to prevent breakdown. 

Working at odd times between other urgent maintenance jobs, the 
mechanical force has made a remarkable transformation at one end 
of the monkey house. Eight old, small, poorly lighted cages were 
removed and the platform on which they stood enclosed with glass 
end wire fabric. Heavy tree limbs were added so that there is now 
an excellent largo indoor cage for miscellaneous monkeys. At the 
close of the fiscal year there were 16 individuals in this ca^ getting 
along nicely and providing outstanding entertainment, as well as 
giving people an opportunity to study their movements and ways of 
life in the wild. Living together in this manner is highly beneficial 
to the monkcjTS as it stimulDtcs much-needed exercise. 

Hb other major repair work oould be attempted during the year. 

As pointed out in previous reporfa, the funds now available lor 
operating the Zoo are not adequate to keep pace with deterioration 
of materials in the buildings and other structures that ore now reach¬ 
ing such an age that an mcreasing amount of repair work must be 
done if they are to be kept in use. Six enclosures in the ravine above 
the sea lions have had to be abandoned because of inability to keep 
them in repair. 
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Ot^ a period of years thet^ has been a gradual increase in the 
amount of trimming of trees necessary along the roads^ walks, and 
paths and in the eihibition area. Because of disease or age, some of 
the trees are dying and must he cut dowu^ Others must be trimmed 
to remove dead or broken limbs that might fall and injure people 
or animals, or damugi) automobiles or etructures. 

The job of cleaning up the grounds ia a major undertaking. Using 
all available manpower, it usually takes 6 to 10 days to pick up the 
trash and i^estora the park to a fair degree of presentability after 
Easter Sunday and Monday» This work has of nece^ty been reduced 
to a minimum^ with tlio result that the Zoo has been oHtioUod by cor- 
respondents and the press for the condition of the groufida. 

The lawns, shrubs, and trees cannot be kept in as attractive condi¬ 
tion as they might be because of luck of maiatenance funds. However, 
curtailment of this work results in loss harm than does the nogloct 
of Btructurca and fences. 

During the year Congress provided money for the employment of 
a veterinarian but the position had not been filled at the end of the 
year. However, n veterinarian has now been appointed and will be 
on duty eariy in tlio fiscal year 1956, 

Temporary policemen were employed this year to assist the regular 
police during days of heaviest attendance or when the force was 
short-handed. Tills is a satisfactory arrangement and much more 
economical titan employing additional full-time policsemen when the 
permanent personnel now authorized is adequate for a large propor¬ 
tion of the time. 

from time to time during the year earth has been received for the 
fill across the road from the targe-mainiiml house. After the fill is 
completed a sidewalk will be laid on that side of the road, providing 
a greater measure of safety for the public. Until the fill settles, the 
area will be u^d for a oar-parking site, and later paddocks will be 
placed on it. 

NEW BUILDING 

The rest-room buddirig, with headquarters for the police and offish 
and storage space for the gardener, should be finished during the fiscal 
year 1956. The building was designed by the Department of Build¬ 
ings and Grouodfl of the Government of the District of Columbia io 
accordance with provisions of law. Inasmuch as bids under the 
original specifications exceeded the appropriations by about $30,000, 
it was necessary to prepare new plans ond specifications, omitting 
about $30,000 worth of desirable but least-needed features, and to 
readvertise. This delayed final letting of the contract nntU April 
19, 1955- 
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VISITORS 

Tlie estimated number of visitors to the Zoo was 3,476,5&i, which 
was 139,630 leas than for the year 1954- 

Since the daily attendance record of visitors is based entirely upon 
estimates rather than actual counts, it is entirely posable that there 
was not really a decline in the total- In spite of possible errors, it is 
obvious that tire attendance is regularly between 3 and SYs million 
visitors each year. 

By actual count, 10,674 visitors entered the reptile house on Sunday, 
September 5, 1954, and 9,813 on Monday, September 6. Tbe esti¬ 
mated total attendance for the Park on those dates was 45,000 and 
40,000, respectively. These figures are typical of holid ay and weekend 
attendance. 

Ettimated iMunaer o/ vttffor* for flaeal vear IS« 


Tnl-rr /tQUl 4^ OOO 

Fi.h'-iinn?__ 101, TBO 

JTlLf -- - - -- -HJW,, u-u-LP 

Aurnnf ^ , G?50,000 

Mawh_ - . . 107. MO 


A|>rll -- — —- - 384 

dr\r%4i^h.aw 2Q0 

-- 403. EfOO 

IVnVarriilinP' 74^. 400 

Jane. ...w -- S30, MK> 

A^ 0 • CPDlUvr_ - mm 

_- OS, 800 

jAnuAT? 127,550 

T/it«i - 3. 47fi. 584 


Groups came to the Zoo from schools in Canada, Colombia, ^utU 
America, and 31 States, some as far away as Maine, Florida, Missis- 
sjppi| and Minn^sota^ 

of ffroup§ from tohooU 
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About 8 p. m. each day Uie cars then parked in the Zoo are counted 
and listed according to the State, Territory, or country from which 
they came. This is, of course, not a census of the cars coming to the 
Zoo, but is valuable in showing the percentage of attendance, by 
States, of people in private automobiles. Many District of Columbia, 
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Maryland^ and Virginia cars eome to tho Zoo to bring gtiesta from 
otber States. The tabulation for the fiscal year 1066 is aa follows: 




Fercflif 

\f AntfliiH 

2T,5 OWo ___ - 

__ 1.6 

■Un ■ JP SAWJXR. ■.H 

VlwHnljt 

_ 22, t West YlreJnlB«.„- 

1.^ 

DliilTrIrt Colmiltflll 

_ _ 21.5 AtEiBsddiuaetta- _ ^ 

1.1 

Pbnn Ad Ifl 

__ 4, a Florida—. _ _ _ 

O.B 

f —— — — — — — — - 

Viiltf VrtTfc- 

2,f UUncia _-_- 

0.7 

Nnrth nAFAiltna 

? 1 

__ 0.7 

New /erse^„™,--. 

_ 1+7 South CtroUniL-— 

__ _ 0.6 


The cara that made up tlie remaining 10.6 percent came from every 
one of the remaining States, os well as from Alaska, Auetria, British 
Columbia, Canada, Canal Cuba, England, Germany, Hawaii, 

Japan, Newfoundland, Nova Scotia, Okinawa, and Puerto Rico. 

On the days of even small attendance there are cars parked in the 
Zoo from at least 15 States, Territories, the District of Columbia, and 
foreign countries. On average days there are cars from about 22 
Statea, Territorie*, the District of Columbia, and foreign countries| 
and during the periods of greatest attendance the cars represent not 
less than 34 different States, Territorii^, and countries. 

CCMDPEEATION 

At all times special efforts are made to maintain friendly contacts 
with other Government and State agencies, private concerns and indi- 
riduals, and scientific workers for mutual assistance. As a result the 
Zoo receives much help and advice and many valuable specimens, and 
in turn it furnishes infomiation and, whenever possible, specimens it 
does not need. 

Particular thanks are due C- W. Phillips, Paul E. Achenbach, and 
IL S. Dill, of the Nationiil Bureau of Standards, for their advice and 
ass^tance in bringing about the best possible conditions in the ref rig- 
enited penguin room* 

Dr. Willard H. Ejestone, veterinary pathologist of the Cancer Divi¬ 
sion of the National Institutes of Health, Bethesda, Md., gave much 
valuable advice on matters pertaining to the welfare of the animals, 
and made every effort to help save the emperor penguina He and 
other members of the National Institutes of Health isolated the org^- 
ism A^perffUlm and established pure cultures of it, and are now trying 
to find a chemical or bacterial agent to combat the fungus. 

Dr, Eyestone also continued his own project of making autopsies 
on animals that died in the Zoo, iu order to obtain information re¬ 
garding cancer and other diseases affecting human beings. 

Special actnowlfidgment is due to the United St-stes Dispatch 
Agent in New York City, Howard Fyfe, an officer of the State De- 
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parftnent, irho has frequently been called npon to clear shipments of 
nnimnls coming from abroad. This he baa done, often nt great per¬ 
sonal inconvenience, and the animals have been forwarded to Wash¬ 
ington without the loss of a single specimen. 

For several years past the Zoo has been given, or has been able to 
btiy at greatly reduced prices, considerable quantities of food ma¬ 
terials such as rice, flour, beans, and canned and pacfeaged foods that 
had been condemn^ by the courts as unsuitable for human consump¬ 
tion. But this year almost no material of this type was made avail¬ 
able and the lack has been reflected in the additional espenditures 
necessary for the purchase of food for the animals. 

The National Institutes of Health, the Army Medical Center, the 
Navy Medical Center, and the Nntritional Laboratory of the ^part- 
ment of Agriculture goTethe Zoo mice, ruts, guinea-pigs, rabbits, and 
other animals no longer suitable for their purposes. These are valu¬ 
able food for many animals. 

The Poultry Division of the Department of Agricidtiire gave a 
considerable number of day-old chicks that were hatched in connec¬ 
tion with certain of their eiperiments. These are a highly desirable 
addition to the diet of many animals. 

Samuel M, Policy, associate chief of the Animal Production Soo- 
tion, National Institutes of Health, continued to supply suriilua lab- 
omtoty animals and some that were raised for laboratory purposes, 
which were desirable additions to the eahibition collection, 

NEEDS OF THE ZOO 

JJeplaceraent of antiquated structures that have long since ceased 
to be suitable for the purposes for which they are nsed is still the 
principal need of the Zoo. Urgently required am: 

A building to house antelopes and other medium-sized hoofed ani¬ 
mals that require a heated building. 

A new administration building to replace the ISO-year-old historic 
landmark that is still in use os an office building but that is neither 
suitably located nor well adapted for the purpose. 

A fireproof service building for receiving sbipmente of animals, 
quarantining them, and caring for those in ill health or those that 
cannot be placed on exhibition. 

A new ventilating system for the bird house. 

Lesser items of equipment that are needed are a vacuum pomp for 
more efficient and economical operation of the heating system in the 
icptile house} a band saw to replace one that ia more than 40 years 
old; and an air compressor for general ose about the Park. 

The enclosures and pools for beavers, otters, seals, and nutrias, in 
the ravine, need to be reconstructed. Owing to lack of funds for up- 
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keep, and consequent deterioration, this area bas become unsightly 
and inadequate for the prO[>er care and exliibitJon of tliese aninmls* 

In addition to new buJIdirige, new paddocks are needed. Over the 
years, space for the exhibition of such uitiu^als as deer, sheep, foats, 
and other hoofed animals has been so cur tailed that the collection no 
longer contaim the proper assortment of attractive and valuable 
onimalSw This has been brought about by the natural deterioration of 
materials, making some of the paddocks no longer usable; elimination 
of some paddocks for the construction of buildings on the sites; and 
abandonment of some paddocks that were in undesirable locations. 
Further abandonment of some paddocks is imminent to make way for 
parking space for cars and buses to ollset losses in such space that will 
occur if die Rock Creek-Potoinao Parkway is extended through the 
Zoo property on tlie east side of the creek. Construction of ten new 
paddocks and rehabilitation of six old ones are urgently needed 

Provision of new parking spac« necessitates grading and surfacing 
about 14,000 square yards of land in several different locations. 

The establishment of parking space near the mechanical shops will 
make tmavailuble on area that has beeu used for the storage of a 
re&en e pile of coal^ As this location has never been an entirely satis¬ 
factory one, it would be higiily desirable at tliia time to build m 
addition to the regular coal bunker to increase the capacity and elimi¬ 
nate tlie need for maintaining a separate reserve pile. 

The steadily increasing popularity of the Zoo, as a source of both 
entertainment and education, has developed sudv a volume of requests 
for information that there is now need for an additional scientist to 
ehnre the load of answering queries and to assist in other administra¬ 
tive work so that the Director and Assistant Director can devote more 
time to general supervision of die Zoo. 

One additional general mechanic is needed to assist the maintenance 
personnel in what has hitherto been a losing race in trying to keep pace 
with natural deterioration in the structures. The newest of the ex¬ 
hibition buildings are 18 years old, the reptile house is ^ years old, 
and the bird house is 27 years old. The minimum of maintenance has 
fully occupied the mechanical force, mainly on the larger struct urea, so 
that there has been almost no opportunity to take care of the les^r 
structURsa S’lich as paddocks and outside cages, with the result tlmt on 
mcrcaeing number of these are unusable. 

Two additional permanent laborers are needed for proper mainte¬ 
nance, removal of dead or fallen tree limbs and other safety hazards, 
and repair of walks, guard rails, and other structures, for Uie proteo- 
tion of the public. 

To comply with the requirements of keeping property and inventory 
records, in accordance with the program laid down by the Ganeial 
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Services Admititstraticni, by authority of the Tcderjil Property and 
Admitiistrative Services Act of 1&49 (Public X*aw 152, Slst Congress 
approved June 30, lD4i>), General Ee^ation 100 of the General Ac¬ 
counting Office, and Budget-Treasury llegulation No* 1, there is need 
for three additional clerks. 


STATUS OF THE COLLECTION 
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E^etcOTala for vurions refiSouB andi as dcaiji^ etdiaugeB, retuni of aulmals 
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In caUecHon on June -—--- —3^did 


Respectfully Btibrnitted. 

W* M* Mann, Director. 

Dr. EjEonabb Casjuchaelj 

SccT&toTyf SmUhsonian itietituti&n. 
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Report on the Canal Zone Biological Area 

Sm: It gi^'es me pleasure to present herewith the autxual report on 
the Canal Zone Biological Area for the hscal year ended June 30, 
1955. 

SCIENTISTS AND THEIR STUDIES 

During the fiscal year 43 soientista came to Barro Colorado Island 
to do research in their respective fields. This is 21 more than 1 ast year. 
The following list does not inchide the large number wlio came to get 
acquainted with the bland but who could spend only a day or two 
there. 


Abce^c Dr. Roland, 

UnLYcr^lty of 
Anjslej, Dr- 

Jaba4 HopJcluA UnlretftltyF 

Rnmard. Dr, J, 

Allaa HanccK'k EouDdHtlon. 
CbLckerln^^ Dr. A. M„p 
Albion CollGge^ MLchlgaiL 
Clark^ Dr, alter,, 

Ea^tEuan Eodak Beaearch Labom- 
toryp Rochester, K. T. 

DnwsoD^ Dr+ J* Wea.* 

New ZealHud to CaUfomli. 
DieenmanD^ Dr. DugeDO, 

Now Xork City, 

Enaera, Dr, Rgberl Kk 
Bivarthmore CoU^aik 


Freund, Rndoir 
life Mah^iUne. 


Gn^goire. Dr. Cb.^ 
L'UalTeralt^ do 
Gi^gofre, Dr Jenay DoffaMB, 

Huljc. E^llss Janet, 

ALIan Hancock PounUatJon. 
Harrell Dr* Bjroa 
DulYersItj' of ^Unne^ota. 


PHaHpaJ or tpfoiol *tvdp 

Obserfatloiial etuillea of blrdi and 
Ilian tsL 

ColleetlDD and preaerTatlpfl of i^rtaln 
pentatomids, acutlgerlda, and related 
forma for apermatogeaeale atudJea. 

Fre^^wator ampblpodsi 

Conti nuatiOEL of lateaslve study of tho 
spider fauna. 

EyaluatSon of extenslTc corrostOb and 
deterloratliDD testa. 

To know tbe ilchtiess of the lalaod’a 
Som and plaat ecology. 

OmtlatinUon of studies of birds af the 
IslOIhli 

Survey uf mammalian fauna aud pres¬ 
ervation of material for histolDRlcal 
and embryologlcal studies of agouti, 
BrurcAlirtpi, and alutin 

Photography of army mnt life for ex¬ 
tensive paper on thesOf and collection 
of much new data and Bpoelmena for 
future articles. 

^[echanisiu of coalpUallon of Insert 
haemolytuph. 

Collection of Inserts for Dr- Gr^golre's 
4tndleB. 

To study the biota for future trips. 

Natural areas la middle America, dis* 
trlbutloual studies of blrda lu cloud 
foresta, ecology of blrda of neocropl- 
ral rain forest; beharlor of Fertpafwt. 
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JnteiHffolof- 

Henry, air+ and Wra, Tbomna E_, 

SmittlBODlBIl lEUtitntlDEL. 

Huhcr, 

TablDKCD, Oermeay. 

Hompbrey, Rlpbardt 
Alblcu Coltepi, Mkbisnn. 

Linford^ Ur. and Mra. James B.p 
Oakland, Oalif, 

Uditwardt, Dr. Robert W„ 

Ualreraltj of IIII 110 I& 

UclitwArdt, Mm. Rob&rt W., 
tTalTeralty ot ULLuola. 

Utt4ii;t, Dr, Alan S., 

Barnard Cnilege, 

Uttan, Dr. Vlrglneai 
Baroard CnLle^e^ 

Uojd. Irtun 

EaBtctiBD. Kodak Tropical Researcb 
Laboratory^ pananm City, 

Lnndy, Wql H, 

AfiflLiLHiit TmLsnrarp Panama Canal. 
McErny, J. 

PleasantTMIe; N. Y. 

UltcbPneTt Dr. 0. 

University of Kansita, 

Uorrla, Bnbert CL, 

XT. 3. Department of Agrl-cnltiiFO. 

OlirareSp TltOp 

Eajttmnn Tropical Reaenrcb Labora¬ 
tory, Popama City. 

Patrick, Dr. Both, 

Acoderciy of Notoral Sciences of 
PbiUdelphiB. 

Pippin, MKks Mary Elleo, 

Allan yancoclc Foondation. 
Bettenmeyerp Cart, 

UnlToralty of Kanaw* 

Bobcrtav Dr. IL RadclyffOr 
Academy of NatoraL Sdencoa of 
PhlUdelphU, 

Sebnelrla, Dr, T. OL, 

American Moseani of Katnntl His¬ 
tory. 

Schrader, Dr, Prana, 

Oolotitbia Onlrervfty. 

Schrader, Dr, Sally Uu^hOf, 

Colombia Unlwriity, 


Pfii/^pai Inrmeul or #14^^ 

To coileci mure Piaierkal on plants and 
animals for press relenses. 
Naturalistic atudles In a^aodatlOD witb 
Dr. Ansley. 

Assisting Dr. Chlckerlng with his spider 
studies. 

Studies of bird behavior and nesting. 

Study of fiinfd of the Pecrfitoles Urlng 
wItbJn the hliid gl^ts or on the exo¬ 
skeleton of varloos arthropods. 

Collection of boat material of the 
Order of fungi and re¬ 
lated forms; 

The ecology of fungus-growing ant*, 
and photography* 

Ecology of fun^^uB-growlng ants and 
related epeclra, 

Doterloratton and corrosien itudlea 


Further blologleal and ceologh^ KtndJes 
of mammolSf blrtls, and Insects. 

Material for The Iteadera" Digest. 

Biology of wll'DHlJng hallctlci^ beeA 

Annual tospectlon of the termite testa 
begun In lOsa and bis eitensire new 
test areas. 

Biological aspects of corrosion and 
deterlorstionu 

Appraisal of the Islands limnological 
XK>ssIbll]tleaL 

plants and anlmahi for future itudlea. 

Aasoelnto of Dr. BchnelrLa and aid to 
Mr, Freond i obserTatloDs and coUee- 
tlona of bees and aoclal wost^ 

A rtrlsit to study thesnmiundlog forest 
improrementa. 

ContfnuatfoD of his studies of the army 
auts and prepan&tlon of manoscripta 
and his forthcoming book on army 
antSL 

ContlnnatloB of extensiyo cytoloflcat 
stud lest 

Further cytnlogtcal studies; me&ich 
on ebromoaones and preparatlDn of 
preserved material for ftirtlw t^ndy. 
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iHWJi^dfcr 
Dr, BeniJc«i, 

D. S. Btipartment of i^rlculture, 

Goper^ Dr. 0€T&1ai)it C* 

DdEtinan KoUaIc I'roplciil E^esearch 
Laborataryp Fao-nma Qiiy, 

Swift* Fftui, 

Easttimn Koduk Ttoplcul K^$gAr<^b 
Ijibcratary, PAI 1 A 111 & City* 

Weber, NeaJ 

Swarthifiore College, 

Wetmure, Dr. and ^Mra Alexander^ 
SmlEtiBonlBii ItiatitaUuti. 

WJalocici^ LotiJb, 

SwBTiiiiiierfi College. 


I‘r0uHp^i or tpeo^ol 4tM4l/ 

Survey of plauta of ptiAnnaceuticaL Lm- 
pDrtaiii^ for more Intenfiivo futtire 
studies 

Dlm-tloii of deterlomtloA and crorrosion 
eiudles wlUi particular emphoala ou 
photograpLIc 

Pliyalcal oad Cbemlcal atnOlee ndAted 
to corrosion and doteriorecloii. 

CulllvfltEon of Lbe fungi cultivated bj 
fuuj^ua-growlnf unta. 

Inapoctton of tbe pliysleal plant and 
eoniliiuatloD of bla bird vtudJea. 

Survey of tuttuuual faunn find collec¬ 
tion of U^uea for hUtolo^cBl uud 
euibryologtcal studies* 


VTSITOaS 

In all, 636 local visitors spent at least a day on the island, and some 
stayed several days* All were mt5st enthusiastie* Visitors and scien^ 
lists alike were most interested in taking pictures, especially in color* 
Scientists are finding photograplia increasingly valuable aids in their 
research and teacldng. It is niifortunatii Umt tlie high cost of trans¬ 
portation still keej;^ many away or considerably curtails their stay, 
It is hoped that means can be found to hold seminars of 20 or so under¬ 
graduate students for about 3 ni-ouths each year* Such a program 
tremendous possibilities aud is receiving careful consideration* 
Anyone contemplating a visit to tliia unique spot m the American 
Tropics should oontmunicate with the Secretary of the Smithsonian 
Institution, Washington £5, D* C*, or with the JResident Manager of 
the Canal Zone Biological Area, Drawer C, Balboa, Canal Zoue^ 


RAL\TALL 

In during the dry season (Januaiy through April) raina of 
0.01 inch or more fell on 40 of tlie 120 daya (04 hours), and amounted 
to only 5*84 Inches, as compared to 12,83 indies during 1953. 

During the wet season of 1D54 (May through December) rains of 
0*01 inch or more fell on 191 of the 245 days (724 hours) and amounted 
to 00.84 inches, as compared to 03.14 Indies during 1953. 

During 1954 rain fell on 21 days (818 hours)^ and averaged only 
0.45 inch per day, almost 0.13 inch per hour* 

March was the driest month (0*21 inch) and November the wettest 
(1T*14 indies*) The wettest year of record (30 years) was 1935 with 
143.42 inches, and the driest year of record was 1930 with only 76AT 
inches. 
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The mniiroums of record for short periods ’were: 6 mioutes, 1.30 
inches; 10 minutes, 1.65 inches; 1 hour, 4.11 mehea; 2 hours, 4,81 
inches; 04 hours, 10.43 inches. 
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buildings, EQUimiilNTp AND IMPROVEifENTS 

Tiie 110~S20-Tolt, 60 -c 7 cle oTcrhesd electrical installatioa was cooti- 
pleted. 

The electrical Installation in the new building is about half com^ 
pleted. The necossaiy pipes, sinks, and valves have been obtained 
and six electric dehumidiliers purchased. New metal slielving was 
purchased, for ta'o of the rooms on the upper floor, which will house 
tlie library and in which humidity control is readily possible, and a 
supply of Dexion slotted angles was puncliased for additional shelv¬ 
ing, laboratory tables, and benches. Metal is being used wherever 
possible instead of wood, which Is bo susceptible to termite infesUtian. 

All the old metal beds were repainted, and four comfortable new 
beds were purchased for the two large laboratory-dormitory rooms 
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oa the lowet floor of th# new building. This ground floor bag a large 
dark rcx)m^ four toilets^ and shower baths with hot water. Much of 
the material for the dark room h on hand for early installation. 

Tlio large laboratory building, built in 1923, is in good condition, 
though a few changes are contemplated which will add to the facili¬ 
ties it offera. 

The kitchen was repainted inside, and a new 6G'inch whit® enameled 
cabinet sink was ordered to replace the stained and corroded iron sink. 
An electric water heater was purchnsed and will be installed shortly. 

Two of tlie cottages were repainted and th® screening repaired and 
are now in very good condition. Corrugated iron sheets were pur¬ 
chased to replace the roof on the Haskins building. The repairs made 
to the Chapman house, plus liberal use of eoahtar creosote, should 
make tliis important building serviceable for several years to come. 
The three other cottages ate serving their purpose well, and the few 
relatively inexpensive cJiangos to be mado will enhance their useful¬ 
ness. 

Of the trail-end houses, only the Drayton and Fuertea are in good 
shape. The one at the end of Zetek trail could [j© used if repaired. 
Neither the Bangs house nor the one at tlje end of Barbour trail is 
usable. 

A H-foot metal boat and a 10-horsepower Johnson outboard motor 
were purchased to permit more efrectiva patrolling of the island and 
in which it will be possible to reach Frijolcs faster in emergencies^ 
A new 102-horsepower Gray-Marine Express engine was purchased 
and installed in the IT. S. Sno&h to replace the worn-out Red-Wing en¬ 
gine^ and glass windows were made and installed, replacing the in¬ 
adequate and unserviceable canvas curtains, Tlie TJ. S. Moon k still 
serviceable* 

A railing made of galvanisied iron pipe wns installed along the 
north aide of the long line of steps from the dock to the laboratory 
levels. Tlvis safety measure has long been needed. 

MOST URCEOT NEEDS 

A new water tank is very badly needed, for the one fed from the 
roof of the old laboratory building is of coal-tar, creosote-treated tim¬ 
ber and may collapse at any time. The use of concrete is not feasible 
because of the stratigraphy of the area in which it is located. A new 
tank of California redwood should be purchased without delay* It 
would cost less than concrete and would last long enough to be eco¬ 
nomical. 

Two of the metal septic tanks, which were install ed at least 15 
years ago^ have rusted tlirough ajid are a menace. They should be re¬ 
placed with concrete tanks as soon as possible* 
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The labotntory storerooms iti the new building, which will also 
house the library, herbarium, and species index, should be stocked 
with chemicals, prcserratiTes, laboratory glassware, and other neces¬ 
sary equipment. 

A separate dry room should be built on the ground floor of the new 
building to provide a storage area free from mold for visiting scien¬ 
tists to store their cameras, clothing, and luggage. A si milar dry room 
is needed in the old large building for the storage of such items as 
linens, towels, and bedding to keep them free from the musty odors 
of the humid tropics; and dry cloeets should be installed on the up¬ 
per floor of this building and in the old Z-M-A cotinge, the old Chi¬ 
chi cottage, the Barbour guest house, and the Chapman house. 

Tables are needed for dhe additional laboratory rooms, the library, 
herbarium, and kitchen to replace the misoellftneous collection of odds 
and ends that have been serving ns tables. These can be economically 
built of Dciion slotted angles and heavy plywood, 

Eepainting of the exteriors of all buildings is needed. Considera¬ 
tion is being jpven to making this a paint-test program to determine 
which paint gives the longest and most satisfactory service at the least 
cost 

Since electricity is now available S4 honrs a day, 4 attic fans, S 
oscillating fans, and 2 window air-conditioning units should be in¬ 
stalled in carefully chosen areas. These will help to reduce the in¬ 
terior temperatures and humidity of the laboratory buildings, and 
thus contribute to the comfort and efficiency of the scientists. 

The 29-year-old building occupied by the three laborers is in a bad 
state of disrepair and must be rebuilt. Originally the U. S. Depart¬ 
ment of Agriculture uswt this building for long-term termite tests, 
and termite damage has contributed largely to its present imsatisfac- 
tory condition. 

TTie dock at the island, though it has been extended each year be¬ 
cause of silting from the Allee and Lutz streams, is already at an un¬ 
safe distance from the shore;. Consideration is being given to the 
relocation of the dock on the south shore of laboratory bay where soil 
deposition is less likely to occur. A trail will have to be made from 
the dock to the landing and this will require the purchase of more 
Decauville track. 

The engine of the TT. S. Moon, which carried the heavy burden when 
the U, S. was laid up for repairs, is still serviceable, but needs 

to be overhauled soon to prevent more extensive and costly repairs at 
a later date. 

FINANCES 

The rate for scientists and visitors for one-day visit® is $3 per 
person. This provides for the Inunch trip from Frijoles to the island, 
a guide on the trail, noon meal, and launch trip back to Frijoles in 
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time for the evening tmin. Scientists from institntiona that con¬ 
tribute to the support of the island through table suhscriptiona pay 
$4 per person for each full day; others pay $5 per person for e-ach 
full day. The full-day rate provides for three consecutive menls and 
lodging, in addition to the tivo launch trips required to reach and 
leave the islands 

The grant made hy the National Science Foundation to the Smith¬ 
sonian Institution for the Canal Zone Biological Area ’was received 
with sincere appreciation. These funds enabled the Institution to 
continue the operation of Uic island without inlermption. 

The following institutions continued their table subscriptions ^ 


EaBtmaii Kodak Company_ __— __ —^— -- flpOOO 

New York Zoolo^cal Soeletj-__ _ _ _ _ ___ BOO 

Amerlmo aiu^eum of Nntural --—--- 300 

Smltlutonlao Lastltatloo __ —300 


[The Smltlmanlia pEovIdes Dthar funds aj nEcded.] 

Donations from the following are also gratefully acknowledged ‘ 
E. G. Cherhonier, Dr. Eugene Eisemnann, Dr. Margaret Fulford, 
Dr, if, Goethe, Father J. L Hartman, Robert il. Laughlin, Dr* 
Harold I* Pierson, James Reid, Dr. Herbert Schwartz, and Dr* G. C- 
Shattuck. 

ACKNOWLEDGMENTS 

Thanks aro due to the Canal Zone Government, its Eiocutivo Secre¬ 
tary, the Customs end Immigration Divisions, the ofTicials and em¬ 
ployees of tl^e Panama Railroad, and especially the Police Division; 
the Panama Canal Company, particularly its Dredging and Com- 
missary Divisions and the Storehouses; and also Dr, Soper, Dr. Swift, 
and other staff members of the Eastman Kodak Tropical Research 
Laboratoiy, especially Dr. Soper, Witliout such generous and un¬ 
failing assistance, the Area could not function so successfully. 

Respectfully submitted. 

JxVMxs Zfiee, Resident *^/^tmTgpff7'. 

Dr. LEOJTAEn Caemichaii., 

SecreloTy^ Sjuithsimian ImtituHonu 
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Report on the International Exchange 

Service 

Sir: I the honor to submit the following report on the activ- 
ities of tie International Exchange Service for the fiscal year ended 
tliine 30j 1955: 

The Smithsonian Institution is the olBckil United States agency for 
the exchange with other nations of governmental, scientific, and lit¬ 
erary publications. Tlie International Exchange Service, initiated 
by tlie Smithsonian Institution in the early years of its existence for 
the intercliange of scientific publications between learned societies and 
individuals in tile United States and those of foreign countries, serves 
as a means of developing and executing in part the broad and compre¬ 
hensive objective, ‘^the diffusion of knowledge,” It was later desig¬ 
nated by the United States Government as the agency for the trans¬ 
mission of official documents to selected depositories throughout the 
world, and it continue to execute the exeban^s pursuant to conven¬ 
tional treaties, and other international agreements. 

The number of packages of publications received for transmission 
during the year increased by 126,463 to the yearly total of 1,146,972, 
and the weight of the packages increased by 15,640 to 812,960 pounds^ 
The average weight of the individual package decreased to 11.34 
ounces, as compared to the 12.49-ounce average for the fiscal year 1954. 

The total weight of the foreign packages is higher tlian tliat received 
in any year since 1939. The 63 cases received from tlie National 
Central Library, Taipei, Taiwan, China^ partially acooimts for the 
increase. This is the first shipment from China since tlie one received 
from the National Central Library (then at Nanking) in 11H9. 

Tlie publications received from foreign eourcea for ftddrcsses in the 
United States and from domestic sources for shipment abroad are 
classified as shown in tlie following table: 
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The packages of publications are forwarded to the exchange bu¬ 
reaus of foreign countries by freight or, where shipment by such 
means is impractical, to the foreign addressees by direct mail. Dis¬ 
tribution in the United States of the publications received through the 
foreign eixchange bureaus is accomplislied primarily by mail, but by 
other means when more econonucal- l^e number of boxes shipped 
to the foreign exdiangc bureaua was 9,^6, or 730 less than for the 
previous year. Of these bo.'ccs S97 ivere for depositories of full seta 
of United States Governmetit documents, tlieao publications being fur¬ 
nished in exchange for the official publications of foreign govenunents 
which are received for deposit in the Library of Congress. The num¬ 
ber of packages forwarded by mail and by means other tliun freight 
was 313,789. 

There was allocated to the Intertiational Exchange Service for 
transportation $41,000. With this amount it was possible to effect 
the shipment of 800,308 pounds, which was 13,553 pounds less than 
the weight of publications received during the year. However, ap- 
proximatel 3 ' 14,000 pounds of the full sets of United States Govern¬ 
ment documents accumulated during tiie year because the Library of 
Congress had requested suspension of shipment to certain foreign 
depositories. 

Ocean freight rates to the English and European ports were in¬ 
creased 15 percent in April, and the rates to Japanese, Philippine^ and 
other eastern ports were iticreused 10 percent in May, 

The total outgoing correspondence was 2,568 letters, eudnsive of 
information copies. 

With the exception of Taiwan, no shipments are being made to 
China, North Korea, Outer Mongolia, Communist-controlled area of 
Viet Nam, Communist-contioUed area of Laos, or the Haiphong 
Enclava 

With certain exceptions the regulations of the Bureau of Foreign 
Commerce, Department of Commerce, provide that each package of 
publications exported bear a general license symbol and a legend, 
‘‘Export License Not Required." The International Exchange Serv¬ 
ice accepts for transmission to foreign destinations only those pack¬ 
ages of publications tliat fall within the exception and those packages 
of publications to which tlie general license symbol and legend have 
been applied by the consignor. 

FOREIGN DEPOSnORlES OF GOVERNMEPiTAL DOCUMENTS 

The niunber of sets of United States official publications received 
by the Exchange Service for tnmsmiEsioii abroad in return for tho 
official publications sent by foreign govemnaentfi for deposit in the 
Library of Congress is now 105 (63 full and 43 partial sets), listed 
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below* Cb&ngts that oocum^ during the ye4tr are ^owu in the 
footnotes. 

nEro^miiiES or ruu* 

AAfl££frL;c4; BI^Mda BltUotecn^ Hlnl^erlo de B^lac^onea E^teriorcs j CvillOj 
BiLeiLoa Ainea, 

AUttrsAUA: ComnioiLwealUi ParUamcnt aad Katlonnl Llbmryp Canberra. 

Nrw &bUTfl WAi£i: Public Llbr&jj of New SouUi WaloSi Srdnt^. 
Qu^^ni-AJTD; FarUameatarr Llbtor^k Rrbtbaae- 
Sours Au^ib^lia : Public Iiibrai? of Soutb AiiStralUi AdelaiKier 
Tauuakea: Farltauieutair; LibrAr;^ Hobart. 

VlcTUulA; PabtLc Library of YLctorfa^ Mclbocmie* 

WEfirTEaN AustPuUua: PabUc library of Western Australia, Fcrtb, 

Aubtha: AdmlnLatratlre Library, Federal Cbancaiiery, Vlamm. 

BtuiUH: BlblloUi^iio ILcjjalc;^ Bniiellea. 

Biaeu.: Blblioleca NaclPDOi, BJo lie Janeiro. 

Buloaeia : Bnl;^lan BlbLioerUpbli^ luatltutay 
BmuAi Govemaient Boalt Depot, liniufooa. 

OA^AbA: Library of ParUaruent, Ottawa. 

llAJilTDEA; Frovlueial Llbtaryi WUmlpoff. 

OflTAEio: Leglaiatira Library, Toronto. 

Qu£b£u : Library of tbe LegLslatiire oif tbe Province of Quebec. 

CuTLox: Department of infonDuciun, {jorerianeiit of CeyioD, CoLonibo. 

CBnjBl BIblloteCil Nacloiiiil« Santiago. 

CeutA: ffatloaal Central Library, Taiwan.* 

Pi^ino: Nadoiiai library of Peiping.* 

ConouDiA: Blblioteea l^actanaL Bogota. 

CoaxA Eeca : Blblloteca fiaclnoab San JoeA 

CtTBA: MinlAterlo de EsiadOp Canje IntemaduoaU BAbana. 

CizcuuaLOTAEJA: fiUtlouAl auii Cnlvaralty Libraryp Prague* 

DEfcuAas: Lnatitut Donioa des ^rebangei lutemaUoiLaux, Cop^oliabcii 
EliltPT: BareAU PubUcntlorLB, iU Id latere das Flnancee, Cairo. 

FinlAttd; E^rUnmentAry Libra ry^ HolMnkl. 

PUAicca s Blbllotbi^iie Natloamle+ Paiia. 

GEUAat! DeutActie Slaatablbllatbekt Berlla.* 

Free nnlrersfty of Berlin, Berlin. 

ParUamaatary libraryp Bqan. 

Gkeat BarrAiir: 

ELTatAim: Brttlsb Museum. Londom 

lArifDO!T; London School of E^aoiuJcs and Political Science, (DepOBStory 
of the Loadon County ConuciL) 

HunOAat: Library of Parliament, Budapest^^ 

IicniA ; Kail anal library, CalcntiA 

Central Secretariat Library, New DelbL 
l 3 ff>o?riaiA: MlnJatiy Tor Foreign Affairs, DJokafta. 

XoELjJtb: National library of IreionA Dublin. 

Iboao. : OoTCntmeut Arcblvaa and library, ElakltyA 
1tal:ti Minlaterio della Fubllca Jatruzlona, Rome. 


^Sbtnin'iii lUAp^adid. 

^>Cli4l)gett froiiL Kfltlati-il dantral Llfarkry, KariMEiff. 

■ Naeb 4 ebaaraO fton off eat l tc bi WlMawdmftllcai Blblle^theA, Btrlln+ 
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Ja^ah : NaHonat Diet lifnfarTp* Tofcya* 

BlEiTCo: Secretarta de Reladones E^wlcnm DepaitmaDto de iDfomQcLAa para 
el Extraojero, B. 

Xiniin£LA3n}4; Boyal I^brarj^ Tbe Hagne, 

New Eeai^nd: Creneral AaseinMr Library, Wetllni^tciL 
Nokwat: Uteniitadepartrnenteta Blblloth^k, ObIcl 

Pebd: &eccl6a de Ftopnfanda 7 PabUcadcinaa^ Mlnlfitexio de Relaelcmea Bx- 
terlorea, Lima. 

PnxEJcmTTEa: Bureau of Public Libraries; DepartmeDt of Bdncatloa, Manila. 
PoIxAhd: BlbUoth^ne Naelouale^ Warsaw** 

PmrrcoAi,! Bihlloteea NaeionaL LlaboUi 
Spirit: ElMlot4?ea Narlonalt Madrid. 

[SwEUirxi Kiiagll^ BlblioteliCtp Stockholim 
awrraciiJkjfD; BlbMotb^ae Centrale F^^jrale, Berti&. 

Tcaiirrr: BeparLmeDt of P?lritliif and E^gravlag^ Ministry of EdacaUoiw l#- 
tanboL 

Uatow Of South AtmCAt State Library* Pretoria, TraiurraaL 

Ubiow or Soviet SociAUar EiruntJCfl:! AIl-OnTon Lentn Llhraiy, Moioow^ HBl 

Cfrnro NAnopfa: Lllirary of tbo United Nattoniu Geoera, Swit^land. 

UaunttAT: Odoliia de CanJe InteraadOQat de PubUeBdonra, Manterldeov 
Yctizuela: Btbitoteca Nadono), Oaracaa. 

YuoofflLAviA: BlbnografaU lastitut, Befgrado.* 

DEPO&rrohiEj or rAa-nAt sen 

ArawA-^raTAir: library of tbe Affiban Academy, KabiUn 
A aoLO-Eorm Sim Ait: Gordon Meisorlal College, EtiArtonm. 

Boixfia: BlbUoteca del MlnJatedo de BelacLones Exterlores 7 Qnlto^ La Far. 
Eeahj,: 

Min Aft GE&Aie: Dlrcctorla Geral de EatatlsUcs ctn Mlnao, Belo Horlxante. 
BamsH Guiana: Government Secfetaty'a Offleep Geoi^towu, Demerara, 

CAltADAS 

Auhsta: PrOTlnciai Library, Edmonton^ 

Baman CofLuifjuA: Prorlndtl Library. Tielorla. 

Nrw Bamiawicit: l^*tlatlre Library, Prederfdon. 

NwFOUNniAND; Deparrment of Prorlnclal Affolrat St^ Jobn'a. 

NtrtA Scotxl: Prorlndal Seeretaiy of Nora SeotlAi Halifax^ 

SAaKATCBEWAir: LegfFlailre Dbrarji Regt&a. 

Douinioan Refubuo; Blblloteca de la UQUenidad de Santo DamlngOh dudnd 
Trujillo. 

PouAuaa: BlbEotcca Nadonal, Qoltct 

Eb. SAtVADOB: 

Bibtloteca NadonaU San Salvador. 

Mlntatedo de RdacTonefl Brtorlorea, Snn Salvador. 

G&eece: Natlona] Ltbraryi Atbeos. 

GuAtenALA; BLbMoteea Nadoual, Gnutemala. 

HiATi: Blbllotb^ue NaHouale, Forbaa-Prtnee. 

BoirDnua: 

BlbUoteca y Arcblvo Nadonaiea, l^gndgiiTpa. 

Mlnlnterlo de Belaeloncfl E^^tertorH, Tegucigalpa. 
icxEAHu: Natloiml Ubntry, ReylJ arllr. 
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Iituia: 

EmAK A»D OftTSSA : Eeveaue Department, PatiiE. 

Bouiiat: UndfiTsecratary to the Go^emmjent of UamMpp Generfll Depart¬ 
ment, Bombay^ 

Ui^mm PsaviKCES or Aqra aitp Ouph : 

UiUreralty of AUaliabBd^ Allababad- 
SecreterlJit Library, Uttar Fradeab, Lucknow. 

West Be^tqal! Library, WesE Bengal LeglElatlre Secretariat, Aasembly 
House, Calcutta. 

IsATt: InsperiB] Ministry of Educntlan, Tehran. 
iiUQ: BuMk Library^ Bp^hcliid, 

Jamaica: Colon tal Secretary, Kington. 

UnlrersKty College of tie West Indies, St Andrew* 

Lciu^foef! American Unlvoralty of Beirut, Beirut. 

LmcRu: Department of Static MonroTliu 

Malay a; Federnl Seeretarlnt, Fedemtloti of MnlAyUp Enala Lumpur. 

Malta l Minister for the Treaeruy, VoBcta. 

Nicakaoua; Mlplsterio ile Relaelonea KxterEores, Mannipm. 
pAKieTAN: Cbtef Secretary to (lie Garernmont of Punjabt Laiorc. 

Centra] Secretariat Library* KuracbL 
Panama T Sllnisterlo de Itoludones EYtcriores, FanamA. 

pjiRAoUATi MinlEiierlo de ItelmeLoaas Exterlores, SoocIOd BlbllotecsH Asiiacl6u- 
SoomA?ri>: Nhtlonal Library of ScoUan<L Bdlnburgtn 
Stams Natjona] Library, Ban^ok. 

SiNCAeohe: Chief Secretary, Qovetnnieiit Offices, ^ingapora- 
VATicATf Cmr; BLblloteea Apo^tolicn Vatican^ Vatican City, Italy* 

INTERPARLTAME^TARY EXCHANGE OF THE OFFICIAL JOURNAL 

There are now being sent abroad 93 oopiesi of tlie Federal Kegiater 
and 94 copies of the Congressional Record, This is an incr^^ over 
the prcccdttig of 2 copies of tlie Federal Register and a dcorea^ 
of 10 copies of the Congressional Record. The countries to which 
these Journals are bBing forwarded ate given in the following list* 

DEFOSHOIIIES Ot UONGSUSSIOraAL BECOAn AKP rEDERAL REC ESTER 
AkuEirfEir A: 

nibliuteeu del Caa^rcso NaeloanL BaonOa Aires. 
mbUoteca del Poder JudlciflL MendftEO.^ 

Bcletin Oficlal de la jRepiibll-ea Art^entlna, Mlnlaterlo de Justlca e Ids true- 
clbn POblka, Eaenoa ALret. 

COmarB de DisputadoaOIIclaa de InformacfCD Farlameutajla, Bueuoj AlreOr 

AnflTOAixA; 

CommonweniLb pBrllamcnt nnd National Library, Canberra. 

New SflOTU WALES! library of Parliament of New Sootli Wales* Sydney, 
QnEE^aiAicp: Cblef Secretary^a Office* Brlsban^^. 

VicrrooLA; PubUe Library of VIetnrlB+ ^lelbonme.* 

Westees Aostoalia t Library of FarUniaent of WoBtem Australlii, Pertm 


F«diTAl RejrtffKer only* 
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Elbliotecfl dA Caniem doo Depntjqdoa, I^lo de Jatielrt?^ 

S^er^turla de Ftesideiiclu, Kio de lAbclro^' 

: AtcliiTOir Blbllotccm a Imprausa Publico, Muntoa/ 

Babia i GoTerAddof do Estado da BnMa, Sao Salvador * 

Ejeruitro Sa^cto : Pneaideucla do E«tado do Bsplrlto Santo, Victoria.* 

Ejd GnAifDx t>o Strt : Imprenia Odclal do Est 4 dc>, Porto Alceio. 

Sao FauuO; ImprcQ&a OOclai do Eatada, Sio Paulo, 

SEmiFJS 2 Blbllutei^ PtUilIca do Eatndo do SorgEpe, Axaeajfi.* 

Bamaa Ho^oc^iua; Colonial Sectetar^p BoUs^, 

Canada: 

Libraij of Parllaincnt, Ottawa. 

CleriE of tbe Sonotc* Housott of Parliament, Ottawa. 

CEtuDxi Gtylon Mintfitry of Defense and Estomnl Afralia, Colomba* 

Cmi^az 

Le^dElatlvo Toan, TafpoL Tat wan." 

Taiwan ProvlBolal Goveruiaeiit, TaJpei Taiwann 
Cona : Btblloteca del CapltolEo, Balmua. 

BibUoteca Pdbllcn Panamerfeana, Habann.* 

Biblloteca lilurtt Cdmam de llepresentaEitea, Hubana^ 

EaTFT: Ministry of Fcrelen Adairs, E^gyptliin Govermneat, Cairo/ 

El ^AXTADoa: LEbraxy, National Aaacinblj'p Snn Salvador. 

Fean^; 

Blbllotb^tle Afi$embl^ Nationalc^ Paris, 

BlbUotb^ne C^nscll de la MpubUaDep Fnrla 

Library, OrganbEcLtiQa for Eorcipean Ecoaomle CoaperatloQp Porlfi/ 

Pnbllqnea do rlnstltot de Brolt Compare, Univorslte de Parla, Faria,* 
Bdfcareb DcportinenL CouJicJI of Biirope* Stmabourg** 

Service de ia Documentatloii iStranifferc, Aasemliiee Natlondle, ParlB." 

Oi^AiiT: 

Amerlka-Instltut der Unlversitfit MQnchon, MIlnciieiL' 

Archlv, Dentseber Bunde^mt, Bonn, 

Blbtlotholc der Instituta ftir Weltwirtucbaft flU der UnlvertllAt KleU Kiel- 

Wit, 

BLbLloUiek Hessieeber Landtap, Wlcabaden/ 

Ber Bayrisebe Land La j:, Muo1cb> ^ 

DenUdLor Bondearatp Bonn.* 

Dcutscber Bondestag, Bonn." 

BambnrciBcbes WeU-Wlrtfiebnft&Aniilv, Hambnrg.* 

Cold Coaht: Chief Sccretarj’a Office, Accra.* 

Oaeat Battain : 

Department of Printed Book$i British Maseinn, London." 

Hnnae of Conmnona Ubrary, London/ 

Printed Library of tbe Forelpi Office, LobdotL 
Hoyal InsUtUile of InterDatlonal Affalra London/ 

GncEca; Blbllolh^ne^ Cbambro des D4pn!^ Ilell^nlt^oeT Atbens, 

Guatemala : BibBoteca de In Aaitmblen Lcgistatlva, Guatemala. 

Haiti: BlbllothlKiue Nadenale^ Bort-an-PrEnce. 

HoxntnAs; Blblloteca del Congreso Naclontl, TegneigaipaL 


* Ocncrc>nional E^cord 

^ThrM Kjplfli. 

■ Added during i«u. 



142 AKMJAli REPORT SMITE&ONmr HfSTirUTlOIT, 1B56 


iKDiU; 

CL?U R^r^terlat Obrar^p LackooWi UnUj^il FrOTlnc^* 

Xadiau Cou4icLl uf World Airulis, New DcliiL” 

JamiDn mid Kai^limLr CoDJititQ^t A^si^iiibLy^ Srlanear.* 

Let^oiiitivo A^a^bly^ GaTeroment of Aseani, SbUluEi^.* 

AfisembK^ Librojr:?* Lucknow* United ProviDceB. 

L^gUlntlve Assembly UbTary, TrlTondrunL* 

Madras State LeglBlattire, Madras.** * 

FarllameDt Library. New DelbL* 

^rvants cf India Soeletyp Foo-na.* 

IixLurp: Dali Etreann* Dnbllm 

IfiSAJX; Library oC Lbe Kneaset^ JenJsaleiEL 

iTALlf; 

Rlbnotecfl: Camera del Deputatip Roulcl 
B lbtloLioa del Sena to deUa EepabUca^ Rotne, 

European QIQce* Food and Aj^ricolture Orgatdaatlea of the United NaE:loniii 
Rome* 

Tntjmntinuni lostitate fCT tlie UniQcBtion of Frivato LjiWi Rome * 

Jii^AN t library of tbo Nadoonl DjeL Tokje^ 

Koka: SecretArj GonersL National Assembly» PaafUk 
LuxEMBot'se; Assembl£e Coiumiine de la & E. C, A.p Laaembonr^ 

MracO! 

DLwcldn General Informadbiit Secrefarla de Gobcrmteianp M^xtcov B. P. 
Blbltafeca Benjamin FranlLiin. Mdxlco, 1). F. 

AovAacAumTca: Gobemador del Estado do Agnoseallentea; Agunscnllentes- 
Baja CALiroB^fiA; Gobemedor del Dlatrlio Norte, MexicalL 
Gamfcchb : Gobemador del Estadp do Campoebe^ Ounpeebn. 

Chiapas 1 Goberxmdor del Katado de Cblapas, TuxtJa Gutidrnes. 
CMtHVAHTTA I Gobernador del Betado do ddbtiatiiiap Cblhualiaa. 

OoAHUELA: Perl^kilro Oddal del Eatado de CoahoJJa. Pulaclo de Goblemo, 
Saltillo. 

Oqitma: Gobernador del Estado de Colima* CoUma, 

Droakoo! Gobernador CoELsUtocloual del Estado do Darnoj^o, Dorango^* 
GtrjjTAjtrjT^; BecretarCi Greneml de Goblemo del Estado, Guanajuato * 
Gd£WBo; Gobernador del Kstado do Goemro. Cbilpandngo * 

Jalisco; BlbLloteca del Estadc, Gnadalajarm 
Mtaioo^ Gacetn del Goblemo* Tolnca. 

liicROAoAa: Seeretattn General do Gobloroo dal Eatado de MlcboecAn, 
Morelia. 

Moulos : Palado de Goblerno* CuernnTAca. 

NATAsn*: Gobernador de Kayarltp TepltL 
Nuetd LeOet; BIblloteca del Eslndo. Mopterrey. 

Oajcaca: Ferl6dlco Oddal. Polacla de Gabkmo, Oaxaca.* 

PumLA; Secretarfa General de Goblemo, Puebla. 

QtrciE^TAaa i SecretarTa General de Goblerno. Seeclbn de ArcblTOp Qnet^tara, 
Sa^ Luis Pcmnl: Congreso del Estndo^ £kn Lula PaCosL" 

Rut ALDA; Gidiemador del Efitado de Sinaloa^ CnHacim 
SoeioftA: Gobernador del Estado de Scuora, HnnnotfUICL 
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Mexico—C oDtfnued 

Taqa^a: S^H'reUiTta fle Gobi^mo^ SessiOa Sa, Enico de Prensap VULibcT- 

rn(M.* 

Tauacupab: ^ecretarfa General de Goblemo, Tictorla, 

TulzCaLl; S^retnrla de GobKerao del EaladOp Tiaxsahi* 

VEBACHd!.! Gobetnailor del Eatado de Veracnu, DeparUmento de Gober- 

macldft y Justlda, Jalopa. 

Tucatj^ij: GQbe]rfiad{>r del Eetado de M^rida^ 

Nethcoui.'tdO: KonlnklLJkB BLbUotlieek. The Baane* 

New Z^alat^d : General Adsemblf Library^ WelEbi-'toii. 

NnaWAT; Ubrarr of the Norwepian ParUameat, Osle. 

PAjEjBTAa; Pnnjob LexlslotSTe Apwinbly Departmentt rabote, 

Pa^aica; Blblloteea Naelonalp Fanamft Ctty," 

PiKU: Cdtiiarfl 6s DlEvtatadud; Lima. 

PoLAHB: hftnlatrr of Justice, TVaraaw." 

PoBTTOAL: ^emtarla de Aasembln KatioaiiL Osbaii,* 

PnifTnouiflK TiMOJt ; RejartigiTo Centi’el de Admlnistrfigflfl CItII, DEL* 
SwTTaEaLAjfcn BlbllathlNiiie, Bmean iDteruAtlonai dn Travail, Geneva* 
rnternatlnua] Lnbor O^cc, Oeneva."- * 

Ubrary^ United Natlaaa, Gcrteva, 

UNioa Of Sonrfi AralcA: 

Cat* nr Good Hon:: Libra it of FarlLameiiL CApe Town. 

TtunavAAi.: &uite Library, PtetoriD, 

or Soviet Sociaii^ RETPsuca: FiindanMUrnila BlUlloiokn ObJKbeat* 
veaaylib Natik, Jdoscow." 

UaunoAT: Dlnrlo OdefaJ^ Calle Florida IlTfi, Montevideo. 

Vetxsvxla; BlbUotecn del Coii^io^ GaTaeoa. 

FOREIGN EXCHANGE SERVICES 

Exdinngo publications fat addresses in tho countries listed bolow 
ate fontarded hj freight to the exebango services of tboso countries. 
Exchange publications for addresses in other countries are forwarded 
directly by mail 

LIST or LACHANCE ^EEVlirLS 
ArraraiA: Anfitrlan NaUonal Library, Ts^niia. 

DjGtjQitru: Service ^lei f^tu^nyes IntcraatlaniiDx, Bibllothtqaa Roy ale 6s Bcl' 
glQue, Bruxelles. 

CHi!fA: Nat Inna], Central Ubrarj, TalpeJ, Taiwan,*" 

C^ECBoauovAKiA: Bureau of IntemnEbnal Exebange^, Natltmal ami Unlvervlty 
Ubraryi Ptaj^ue. 

BxNijAsa; InnUtnt Elanols dea fictanges Internatlonaux, Blblloth^ue Rojale, 

Copentutcen K. 

Eotft: GoTorntnent Press, PabllcfttlottB Offlee, Bntaq, Calno^ 

FiNi^an; Dele^Uoo of the Seieutmc Rocletlea, Rnellmantnbfltn 9^13, HebisliL 
France : ^rvtce 6eB ^'buiRes IbEemfttlonniLX, BlblloUi^uo Natlonale, £3 Bne 
de RicbellenH Faria. 

Gbmant tBaatem}: Deutsche StantabiblEotbek, Berlin. 


^TVo eapitA, 

M CbADied from Kntloni] Central Library, Kanklof, 



144 ANNUAL REPORT SMITHSONIAN INSTITUTION, Hbb 


Gehumit (WeatcTii): NotgeioeliwcliBft der DentBchen WlaMnscliaft, Bad 
Godeaber;. 

Ob£at BftiTAisr IsiELiSii: Wheid^a & Wealed, S3/&4 Berwick Street, Lcadoa, 
W. 

Huito^BT: Natlc^DQl Library, SEficb-inrlp Budapest. 

Invia: GoTemideat Prlntlqg and StatJoaeryp Botabaji 
lltnlater of Bdncfitlenp 

Israel: JewlaJi NatloDal and Ualveralty Llbrnr^f, JemssJem, 

Italy ; tJffiizlo degU Scambi Itit#rBaY.loDali+ Mlaistcre della PoMtca Istriialanep 
Beine^ 

Ja^an: BlYlsla'ii of InterOAtlooal AffatrSp NaMoaal Diet Library^ Tokyo. 

NET^EEJJiirvbS: InternHtional EYcbanse Bdrcau of the Notberletids, Royal Id- 
bmryp 'Use Hague+ 

New South Wales: PbMIi; Ubrary of New Soutli Wales, Sydney. 

New Zeai-akb: Gonernl Aeseiahly LLbraryi WelUo^toc, 

Norway : Serrlee Norrdelon des fidiangea iMtepoatlonnuEp BlbUoEb^ue de 
rUolTDTsit^ Boyale, Oalo^ 

PHiumsia: Bureau of PabUc Idbmrle^. Department oC Edacatlonp Manila. 

Folato: Serrlce. Polonafs dea l^lianeea InternatlonanT^ BEbliotbtque Natianalep 
Warsaw. 

Fostcoal: Secedo do Troeae IntoraadotiatSa Blbllotocii Niclonal, Lisbon. 

Queeeslatid : Borcan of ExebaogeB of idtenmtlonaJ FnbHcstlons. Chief Secre¬ 
tary's OfBce, Brlebaue^ 

South Australia: Eontli Australian Government EYObanj^ea Bureau^ Govern- 
ment PrLntiQK and Stationery Office. Adeloldo^ 

S^AiST: Jun ta de Intercamblo y Adodlal^^u de Ltbros y HevlslftB para Bltdlote^^ 
ca« PtSblicaa, Mlnlsterlo de EdneadOn Kaclonal, Avcnlda Cairo Sotelo 2Q, 
Madrid. 

SwftfiEjf : Blblloteketp Stockholm. 

HtmiMAND! Service Suisse des Interaatlonauxp Blbllotli^e Cea- 

tralB F^^znle Palais FddfimL Bemo, 

Tasmawia : Secretory of the Premier, Hobart. 

TtmKEr: Mlnlatry of Education, Departmeot of Prlnttnji and Enirravin^, Istan¬ 

bul. 

Ukioh oy Sotrrif Africa : GoTCmirient Frtnang and Stationery Office, Cape Town, 
Cape of Good Hope^ 

tJaioH ot S»viFT BootAJiOT BEPunucB: Bnrean of Book ElEchangep Statu I^Ln 
Hbtarjp Mobcow 10. 

ViOTORJA! PnblItT Library of Vletorla, Melbourne. 

WaOTtiY Aubtraua : Public Library of Western Auatralla, Fertb, 

TunoeLAnA: BibUoErafsld Inatitut FNRJ,. Belgrade. 

Respectfully submitted. 

D. G. Weluams, Chief. 

Dr, Leonahu Caraccuael, 

Secretaryf Smithsonian Institution, 


BeiwEEQ ibe Ualted Gtat#fl KUd EGRland oidy. 
u Cbanscd fiom l>erftitR]^nt of OdCDril Affiairt and EducaUoQ^ DjHkflrtA 



Report on the National Gallery of Art 

Sir r I haTe the honor to submit^ on belialf of tho Board of Tnist^g, 
the eighteenth annual report of the National Gallery of Art, for the 
fiscal year ended June 30, 1055. Thia report is made pursuant to the 
provisions of section 5 {d) of Public Besolution No. 14, Seventy-fifth 
Congress, first session, approved March S4,1037 (60 Stat 51), 

ORGANIZATION 

The statutoiy members of the Board of Trustees of the National 
Gallety of Art are the Chief Justice of the United States, tlie Secre¬ 
tary of State, the Secretary of the Treasury, and the Secretary of the 
Smithsonian Institution, e3£ officio* The five general trustees continu¬ 
ing in office during the fiscal year ended June 30, 1955, were Samuel 
H. Kress, Ferdinand Lammot Bel in, Duncan Phillips, Chester Dale, 
and Paul MclloUi The Board held its annual meeting on If ay 3,1055. 
Samuel H* Kress was reelected President and Ferdinand Lammofc 
Belin Vice President, to serve for the ensuing year. 

All the executive officers of tlie Gallery continued in office during 
the year. The executive officers of the Gallery as of June 30, 1955, 
are: 

HunUti^ton Calms^ Secretarr-TTCRsarer. 

David E. Ftolej^ Director. 

Erufsi B- FeldJer* AdmlnlatratoTp 
HuDtiu^toe CairuAp General OdoiwL 
Jobn WaUcetp Ctilef Gnmtor. 

&facRlll Jamea, AaaUt&nt Director. 

The three standing committees of tho Board, as constituted at the 
annual meeting May 3, 1955, were as follows: 

ElECUTIvr: COHUTITEE 

CbleT JoflClcc of the UfUted iEateffp Earl WarxciiH CJialTOim. 

SaiDDeii H. Kresdp YLco CbalitiiaiL 
Fordlnand Lamiaot BeltOw 

Secretary of tUe Smttti«oalau luatltudqnp Dr* Leopard CamUebaoL 
Paul Mdlon, 

wmAHcs: cOMMTrm 

Beoretarr of the Treaffuryp George M. Hninpliroy, Clialnnan. 

Cbester Dal0p Vice CbaJrtoftn. 

Samuel K. Kresa. 

Jerdliiaiid Lammot BeUa* 

Paul AtellocL 
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AC^^UI^niOPtS COUMITT^E 

Ferdluaiid lAmmtt Belliip Ctiediumi}. 

Dunma FbllUpa. 

Diie. 

Paul MellfiiL 
David E. Fliiley^ 

PERSONNEL 

On June 30,1955, full-time Government employees on the staff of 
the Nationftl Gallery of Art numbered 301, be compared with 30G 
employees aa of June 30, 1954. The United States Civil Service 
re^uJations govern the appouitment of employees paid from appro¬ 
priated public funds. 

AFPKOFRIATIONS 

For the fiscal year ended June 30,1955, the Congrcaa of the United 
States appropriated for the National Gallery of Art $l,^00i000, to 
be used for salaries and expenses in the ot>eration and upkeep of the 
Gallery, the protection and care of works of oil acquired by the Board 
of Trustees, and all adniiniatrative espenscs incident thereto, as 
authorized by Joint Fesolution of Congress approved March 24,1937 
(20 U. S. C. 71-75; 50 Stat. 51), and a supplemental appropriation 
of $23,204 to meet the Gallery’s requirements for the fiscal year mider 
the “Federal Employees Salary Increase Act of 1955.” The total 
appropriation for tlie fiscal year was $1,323,264. The following ex¬ 
penditures and encumbrances were incurred: 

Personal aarrlraa ----— -- — ■ — — — ’ fb 1T3, flSl. 41 

Prlntlog and leiirodnctloa--.---——.—.-. 3.082.05 

£3ectrlcltTi supplies, ecalp<mcnt, etc—.-—- ——~^ 146, GOO, 54 

Total--- 1,323,264.00 

ATTENDANCE 

During the fiscal year 1955 there were 814,932 visitors to the Gal- 
lety—an average daily attendance of about 2^45. 

ACCESSIONS 

There were 842 accessions hy the National Gallety of Art as gifts, 
loans, or deposits during the fiscal year. Most of the paintings and 
a nimibcr of tlie prints were placed on exhibition. 


>Tl9l* includr* 11 l> $23,201 *4 tb« >pprfiprl«t)«l tsd $2,972 gf Un ottatf. 

wife iiDiibUail«j 9tlf OCe Uii refular fppiapclftlott. 
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GIFTS 

During the fiscal year 1056 the following gifts were accepted by 
Cho Board of Trustees i 

pAEirnffcs 


Donor 

.drttjf 

mu 

Mrs. Chades D. Drapcr^_ 

Btaart_ __ 

George Washington 

Mrs, Charles D, Draper__ 

Etuart..___ 

Ann Barry. 

Mjb. Charles D. Drap^e 

Stuart.. __ 

Mary Bnny, 

Mm. Charles D. D^np^r 

Raeburn_ _ __ 

Jean Christie. 

Mra. Margaret 0 , Lewisohn.. 

Renoir,.__ 

The Vintngcra. 

Mrs. Dwight Davifl _ _ 

Romney,____ 

Captain Forbee* 

Mra Leland 

R. __ 

Thomas Sully* 

Mrs. Wjo. D. 

Pater-- 

On Iho Terrace. 

Leasing 1 , llo 6 eiiwaJd_^,^_^_ 

Blako_ _ __ 

The Last Stipper. 

Lawia Einsteia 

HosaJba Cairiera..-^. 

PortraJt de Feio 


fvCTO Einstein 
Arthur Ractd^__ 


ComtesK Orzelika. 

F^ter.SI^ene CbeiinpetrD, 
Gcya^ flttr- - The RullfighU 


scyuTimE 


Mn. Mrjgnret Sh Lcwieohn.. 

Miss Mildred Hnwclla_ 

Leasing J* Roaenwald--^_ 

Lwlng Rosenw^Jd__ _ 


Renoir. Cooo. 

J. Q. A. Wm. Dean Howelk, 

Dnuouer.^^.-,^^-,,. BouTgeoU qui Dina 
Da nmiS ^pr _ L^AlHOUrotU, 


PldfTS 


Lewifl Elnstelo_*_ 

Mrs, W* Slurnij Crane__ 

GeorgB MatthE>w Adnin6L,„_ 

liOsslDf J. Rooenwald-^__ 

People of the Federnl RepiibUe 
of Germany.___Gf prints. 


"Jen do Cartes*^ t>y Da RameaiL 
£7 prints. 

5 Q prints. 

2S3 prints; 


EXCEANCE OF ’WORKS OF ART 

The Board of Trustees duriTig the year accepted the offer of Le^ing 
J. Eosetitt^M to eschnngo the following prints for superior imprea- 
sions of the same works: 


ArflU 

Mantegna__ 

Mantegna-^__ 

2ciin Ai5drefl____ 

Zsan Afidrea.,__ 

Sksin Andrea__ - _, 

Konn Andreft - ., 


TUt 6 

nsirchiinnlfan Group wlOi a Preas< 

EntQKboient 

A Xereld And Two OhUdmi Playing Mna 1 c]|] 
lostminentfl. 

Grlfttnft and Two CnpTds CroRSl Dkg Halberds. 

A Nereid Rfdden by Two Chlldreiu 
Three Children Blowing Horns. 
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WORKS OF ART ON LOAN 

During the fiscal year 1955 the following works of art were recaiYed 


on loan by the National Gallei;y of Art: 

From — Arfili 

Cbester Dale, New Tort, R T* J 

fT|iry sJiTjthtf fn iTTn^ __—-WlUlaoii ClJAse, 

Portrait of a Tonng Woiflftii__—...David B'AvlgneD- 

Edwnrd T. WaSleSp WAsbiegtani D- Cl * 

ItalUa Landflcaife____—----- Jaa BoUi. 

Robert Hiaj^er, Waeliliigtoa, D- C.! 

HarrlfioD Gray----— Copley^ 

EILsabctb Gray __— ----—— Copley, 

S rtTfing ii Alleyne Otis_-Stuart, 


Edaar WllXlam and Bernice daryaler Garbfadi* New York* N, Y,: 

Slity-tlirw early Amerlcae poInUngs- 
Bobert ’VVoodi BIl$ei WasihlrigtoQ, D, C,: 

Nlneteea objects of Pn^ColGmblac artu 


loaned works of art RmfRNED 

The following works of art on loan wero returned during the fiscal 
year 195&; 

Cbeater Dale+ New Tort* N, Y. 

RaJpb Waldo Eraersco- 

The Seine at Gli?enir__^. 

Mrs, Charlotte Foepatenljergp Jolkaime^nrff, SantR Africa: 

Bread and EgSd---- 

The Bridge of Langlola,—---- 

La Toilette____ 


AriM 

Thomaa Stilly, 
MoDet, 


John BroofflOp Oxnard, Calif.* 

Lost on the Grand Haiika,,^-—---—--— 

Mr, and Mra. Charles B. WrightniDAn, Palm Beacht Fla.: 
Girl with a Cat,-^___— 


C^nne. 

Van Gogh, 
Tonlanse-Laatree. 

Homer. 

Reaolr. 


WORKS OF ART LENT 


During tlie fiscal year 1D65 the Gallery lent the following works of 
art for exhibition purposes: 

Keamedy GaUericSp New York, N, T, i 

Arctic Hare_ —Andabom 

Bbarp-Tailed Sparrow—,—- - J. X Aadabom 

Yellow Warbler^———-J, J. Aadnbon- 

Qrchard Oriole., ----- X X Aadn&oa, 

Farmyard Fowla...... -—J. J. Aadabon, 

John JamfiB Aiidahon^^^,-^-.— -X Woodhouae Au- 

dnboD, 

Armed Forcca Medical Library, Wnahlngtan, D, Q; 

Chrlat Heallni! tbe Sink (print) —---- Bcmbraadt 

The White Honee^ Waablngtonp D, G.; 

BhJpo In the Scheldt Eotnary—___ —Storet 
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Arfitt 

The Morgan Ll&mn'p Nw York, N. T.: 

PhllDSophf (print)_ __ ___ ___ _ DUrer. 

Mitu sf Somipws __ _____ I>11rer+ 

Y<oaiig Woman (CchHueiq Stuily) (prEdt} ___ , DCim, 

The Fenos^lTaoLii Aeadaro^ of Plae ArtB, FliUndelphlA, Fft.: 

Timothy Matlock. - - -- - Charles Willson 

Peale, 

I^dy with a Harp; Eliza Ridgclj^ __ Sulty* 

Young Woman In White_ ____ _, Henri. 

The Suproine Courts WaghlngtOh, D. O.: 

Vue general des Alpes et Olaelors _ Deseonrtia, 

Vue dc Si;liadfiiu^._ _ _ __,__ HcscourUs, 

Chute de fitatibbadi^_ ______. Jauinet. 

Vtje de Thun dn C^te dti Midi.,,.. _ __Janliiet. 

Beaton MUEenm of Flno Arte, BostoUp Mass. : 

Storm oTor Taos _ ____ _ Marin, 

Phllllpa Momorial CaUeryp W^aaMhetOQ, D. 0. : 

BEortn orer Taos^__ __ ________ _ Marin. 

The San tVanclsco Muaetim of Art, San Francl$eow CaUf.: 

Storm over TUo& _ ___ __ Mnrln. 


EXHIBITIONS 

The foUowing exhibitions wens held at die KatioDal GaJlerj of Art 
during the fiscal year 1955; 

American Frlmltlre PfiintingR. From the CoUoctloa or Edgar WilHain and 
Bernlco Chrysler Carblsch, Continued from prevlone hstal year^ through 
July 11, le^. 

Bjenalsaanco Prints by Eqois Taa I^dau, MarcantonLo Ealmoadi acid Jean 
DareL From the Lessing J. BOBoiiwaM CollcctEcm. October 24,10&4, thioogh 
February d, 1953. 

Austrian DrawinguaDd Prints. From ibe Alhertlim Museum, Vlonaa. February 
20 through Martb 20* 1035, 

Goya Draividgs aud Prints. From the Prado Mueouhi and the Lazaro Galdlaiio 
MuAeuJU^ Madrid April 2 through April 24* 1055. 

American Primitive Paintings F^om the CoUecUon of Ekigar WfHlam and 
Eeruice Ctiryalcr Caiblacb. Opened May 1S53. 

Minlaturefl and Prtnls^ From the Lesalng J, Eoyenwald CoUectloiL Opened 
May 20.1055. 

TRA\XLING EXHIBITIONS 

RoseTvicdld CoUectim .—Special exhibitions of prints from the 
Eosenivald Collection were circulated to tJie following places during 
the fiscal year 1955: 

MJlivanhee Art Institute, JUJiwBUkee, Wis,; 

Prints for on ezhihllJon^ “Music In ArL“ 

September 1954^ 

The Ptlat Club of Philadelphia* Pblladelplilap Pa.; 

Hzhlbitlon of prints from the collecUoDa of Board Members. Ancutymona 
Oermac, “Chrlst'a Entry into Jerusalem." 

September 1954 
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Portland Art Moieum, PortLandp Ofeg.: 

Exhibition of Eart^ O^rtpan PrlntA. 

Octotfer 1954 

Tol^o Illusonm of Art* Tol-edo, Oblo: 

Benoirt "Portiali of {Utliograpli)- Lent to *‘OompoBer PortruJta 

and AolOt^Qi^h Seores,*' 

October 3-Noveiiiber 7^ 1SG4. 

The Ole^ eland Mnscum of Art, Glei el0Pd+ Ohio; 

Two Huber dmwtni^ lent to the Chinese liondsenpe Exhtbltloh. 

Noramber ia54-Jaiiimry 2, 1&55. 

Smitbaohlnn Instltotlon, Washlngtoa, D. d: 

Loann £0 the exhibition, ‘-Amorloan Urawlogs," sent to ^ttinlchp Eooee, and 
London, by the United StnEeti laCormatloD Agency. 

Ifi34-5G. 

Smlthsi^ninn lD*tttntloi4 Waabingtoii. D. C.-^Travellng Exhibition! 

Goya Drawinga and Prlnta. Rouen wald Coy a prints added to those from 
Mndrl4 
i055. 

The Pierpont Hor^ras Library, New York* N. Y.: 

Dnrer Prints nnd DrawtnEs, 

Mareh-Aprll 

UaTldsaB Art Center, Middletown, CoDiu: 

Early Ftench Prlnta, 

Modern Prencdi Monotypes. 

April 195N 

FPgg Mnsenm of Art^ Hnrrard University, Camhrld^, Mass,: 

Early prints sbowln^j mtislcal themes to Ul'ostruXe two coaoorts called 
"Love Songs of the EenaLsaance," 

April 1055^ 

Marion Kojder McNay Art Institute, fian nintonlo, Tex, s 
Dantoler Drawtnga 
May 1050. 

Tyler School of Art, Elkins Park, PhUndelpbia, Pa. i 
Bohby Show—Four Amerlciin Conlemponiry printa. 

May 12-14 l&KS. 

Aiaerlcan federation of Arts—Truvelliis ExhiblUoft! 

NuremborE and the Qennan World. 

1055-10M. 


IiuksB of Amoriean During the fiscal year 1955, S3 travd- 

ing eiliibkions of original wateroolor renderings of this coUeciion, 
with 60 bookings, were sent to the following States: 




iuhiili'fffo'j}* 


Atkanina------ 

Colorado-----— - —— 

Connecticut-- —--- 

Dlfllrict of ColumhhL- 

Florida—---- 

Georgia —------ 

lUlnois— - --- - —---— 

lowiu_——— -- - 


1 

a 

1 

e 

2 

1 

1 

11 
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StAtt 

AlnssncL -- - —-- 

_ 

Blii^ciuri __________ 

Nurlh Carolina____—----— 

I^nnsylvaaKa _ _ _______ 

^-——- - ---- 

Tezcito__— __— -- ---—— 

Virginia------- 

Wiaciiaaln ------ 

CURATORIAL ACTIVITIES 

Tlie Curatorial Department accessioned 417 gifts to the Gallerj 
daring the fiscal year 19&5. AdTico was given regarding 305 works 
of art brought to the Gallery for expert opinion, and 65 visits to coh 
lections were made by members of the stall in connection with offers 
of gift or for eii>ert opinion. About 1,500 inquiries roquiring re¬ 
search were answered verbally and by letter. Jolm ^V^aiker, Oliief 
Curator of the Gallery, gave a lecture at the Seattle Muslim of Art 
ou the occasion of the opening of the Samuel Jtress Collection in 
that museuncL Mr. VValker also lectured on mnsterpieces of painting 
in tliD If atioual Gallery of Art to the Womun^s Club in Kicluimndt th^ 
museum class at the Bo^on Museum of Fine Arts, and the Twentieth 
Century Club in PittsburglL Miss Eliza belt Mongan gave a series 
of five lectures on the history of printmaking at the Feniisylvania 
Academy of Fine Arts. Bhe gave a lecture at Wesleyan University 
on the Fir^ French Engraving. She also coadueted a symposium 
at Bryn Mawr College on Piranesi and one at iiwartlmiore College 
on Rembrandt. Charles M-, Richards conducted two courses in nrt 
history under the auspices of the Department of Agriculture. 

Mr. RiehardSi as chairinaii, prepared the program for the re&ifi- 
trar^s section of the American Association of Museums meetings held 
in Waahington this spring. He attended tlie Southeastern Museums 
Conference In Miami, and Mi^ Katliarine Shepard was the ofiicial 
delegate to the Gene^ Meeting of the Archaeological Institute of 
America in Boston. 

William Campbell selected reproductions of Gallery paintings 
which are to be installed in new doiniciliary buildings of the U. S. 
Soldiers^ Home, Washington, D. C- 

Mr . Walker served as trustee for the American Federation of Arts, 
the American Academy in Rome, and the Bureau of University 
Travel* He also served on the following committees: Dumbarton 
Oaks Visiting Committee, Harvard University Press Vising 
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Comroittee, Art Committee of the New York Hospital, Harvard 
Committee on the Visual Arts, Committee for the Exhibition of 
Nineteenth Century French Paintings from American Collections in 
Paris. Mr. Walker was also a member of the United States National 
Commission for UNESCO. Perry H. Cott served as President of 
the Washington Society, Archaeological Institute of America. Miss 
Shepard was secretary of this organization. 

Mr. Cott served on the following art juries: Corcoran Alumni 
Association, Arts Club, National Museum ^ulpture Exhibition. 

RESTORATION AND REPAIR OF WORKS OF ART 

Necessary restoration and repair of paintings and sculpture in the 
Gallery^s collection were made by Francis Sullivan, resident restorer, 
at the Gallery. 

PUBUCATIONS 

During the year Huntington Cairns contributed sn article on 
“Legal Theory” to a Jurisprudential Symposium in Memory of Felix 
S. Cohen, published in the Rutgers Law Review, and reviews of 
“Aesthetics and the Gastalt,” by Ian Rawlins, to Philosophy and 
Phenomenological Rr^arch f “Definition and Theory in Jurispru¬ 
dence,” by H. L. A. Hart, to the Philosophical Quarterly; “The Ago of 
Ideas,” by George E. Havens, to the Washington Post and Times 
Herald' and “Tlie Law of Primitive Man,” by E. Adamson Hoebel, to 
riie Journal of Politics. 

Hr. Walker wrote an article on a painting by Delacroix in tlw 
National Gallery, I.rf>ndon, for the Indies Home Journal. He also 
prepared the test for a “pockotbook” of works of art in the Gallery’s 
collection to be publislied by the Harry N, Abrams Company. Mrs. 
Fern R. Shapley wrote an article on Bingham’s “Jolly Flatboatmen” 
for the Art Quarterly. Mr. Cott wrote an article for the Gulf Oil 
Orange Disc publication on Della Robbia sculpture. An article by 
Miss Mongan entitled, “New Acquisitions in the Leasing J. Edsen- 
wald Collection” appeared in Arts Digeat, and she also wrote an ar¬ 
ticle on Norma Alorgati for the International Graphic Arts. 

A total of 125,000 leaflets describing paintings in galleries 8, 52, 
and 57 have been printed and are being distributed to the public in 
the respective galleries. 

Mr. Walker’s monograph on Bellini’s “Feast of the Gods” has gone 
to press. 

Publications in process include Mr. Walkers text for a portfolio of 
works of art in the Galleiy's collection to be published by the Harry 
N. Abrams Co., an article written by Mrs. Shapley for The Studio, 
and a book she is preparing to be published by the Phaidoa Press. 
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Gallery publications in proc^ include tbo catalog of paintings and 
tbe catalog of paintings rtnd sculpture acquired by the Samuel H- 
Kress Collection since 1&51 for tlie exhibitiou in 195G- 

During the past fiscal year the Publications Fund published seyen 
new 11* by 14*inch color reproductions and acquired hve new Clirist- 
nias card color plates. Two large collotype reproductions of paint¬ 
ings in the collection and nine sculpture reproductions distributed by 
two New York piiblisliers were placed on sale. 

A new Portfolio No* 4 entitled **Land5cftpe Paintings in the Na- 
tioiifll Gallery of Art^^ (containing test by a staff member and twelve 
11- by 14-inch color reproductions^ wluch seven were completely 
new prints) is in the process of publication. Tlie catalog of * ■Twen¬ 
tieth Century French Paintings from the Chester Dale Collection” 
was reprinted during the year. The Fund made available to the pub¬ 
lic a National GaDery of Art engagement calendar, 

Exldbition catalogs of the Au^rian Drawings and Prints, find Goya 
Drawings and Printg^^ were distributed. 

Kepresentations of Gull try worts of art in 2- by 2-inch color elides 
and in “stereo^ color slides are now being sold in t]ie Gallery Infer* 
mation Eooms. These slides^ which are all original iihotographs;, are 
an entirely new type of item in Publications Fund stock* 

EDUCATIONAL PROt;RAM 

The attendance for the general, congressional, and special tours, and 
the ^Ticture of the Week’’ totaled 41,023j while that for the 44 nudi* 
toriutn lectunrs on Stmday after noons was approsimately 10,025 dur¬ 
ing the hscal year 1955. 

Tours, lectures, and conferences arranged by appointment were 
given to 25G groups and individuals. Tlie total number of people 
gerved in this manner wag 6,042, Tliis ig an increa^se of llO groups and 
2,580 people served over last year, Tliese special appointments were 
made for such groups as rcpresentfttives from leading high schools, 
universities, and tnuseums, other governmental agencies, wives of 
members of the Cabinet and of Congressmen^ women’s clubs, store su¬ 
pervisors, and attaches from foreign embassies. 

Three separate training programs for volunteer docents from the 
Junior T^aguej tlie American Association of University Women of 
Arlington County, and members of the Parent-Teacher Association 
of the Barrett School of Alexandria were carried forward during the 
year by several members of the Education Department. 

Lecture programs on American Cultural have been prepared 
for librarian members of the United States Information Agency, and 
for members of the Depailment of State, who may act as cultural at* 
taches on overseas duty. Tlie wives of the officers in the Departments 
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of State, Army, and Navy at Fort McNair, who are preparing for 
overseas duty, also attended these pPOgTamB, 

The staff of the Education Office delivered 14 lectures In the audi¬ 
torium on Sunday afternoons, and 30 were given by guest speakers. 
During March and April, Dr, t^tienne Gilson, Director of Studies at 
the Pontifical Institute of Mediaeval Studies at Toronto, delivered 
the Fourth Annual Series of the six A. W, Mellon Lectures in the 
Fi n a Arts on the theme, “A rt and Eeali ty.” 

During the past year 150 persons borrowed 4,697 slides from the 
lending collection. Tlie 16 centers throughout the country that dis¬ 
tribute the National Gallery of Art film, report that approsimately 
43,564 viewers saw the film in 360 bookings. 

Members of the Education Office prepared and gave 32 broadcasts to 
accompany the Sunday night concerts over Station WGMS. The 
Curator of Education prepared and produced a half-hour televiston 
program entitled “Berabrandt and the Art of the Dutch Homeland” 
as part of the project of the Citizens Committee on Educational 
Television. 

The printed Calendar of Events annonneing all Galleiy activities 
and publications is distributed monthly to a mailing list of 5f316 
names, 

LIBRARY 

The most important acquisitions to tho Library during the fiscal 
year 1955 were 1,940 books, pamphlets, periodicals, subscriptions, and 
photographs purchased from private funds made available for this 
purpose. Gifts inclnded 639 books, pamphlets, and perio<1 teals, while 
717 books, pamphlets, and bulletins were received on exchange from 
other institutions. There were more than 640 visits and phone calls 
to the Library by persons other than Gallery staff during this fiscal 
year. 

The Library is the depository for photographs of the works of art 
in the collections of the National Gallery of Art, A stock of repro¬ 
ductions is maintained for use in research by the curatorial and other 
departments of the Gallery; for the dissemination of knowledgn to 
qualified sources; for exchange with other institutions; and for sale 
at the request of interested indi viduals. 

INDEX OF AMERICAN DESICN 

In March the Galleiy began to take part in tho orientation 
program for United States Information Agency personnel about to 
be sent overaeos. The Index was included in this program, and once 
a month tho group listened to an illustrated lecture given by the Cura¬ 
tor in chorge of the Index. Hie Index material was also studied 
during the year by 638 persons who were ioterffited in the material 
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for publication^ for special researcbi exhibitions, designers, and those 
who TTauted on idea of the collection ^^s a whole. 

There were sets of 2- bj 2-mcb slides (consisting of 1,416 color 
slides) circulated in 22 States and Alaska* 

MAINTENANCE OF THE BUimiNC AND CEOUNDS 

The usual care of tlic building and its mechanical equipment and 
the grounds was maintained at the established ^ndard throughout 
the year. 

Contracts were entered into with Eggers & Higgins, architects, and 
Vemiilya-Brown Co., Inc., general contractors, for the alteration of 
a portion of the library area in the Gallery building. The remodeled 
space is intended for the exhibition of tlie Samud IL Kress Collection 
of Renaissance Bronzes. 

Alterations were made in gallery 11 bo that the opening in the north 
wall of tlmt gallery now matclies in architectural design the openings 
in the east and west walls. These modifications were made to enable 
die more effective and suitable exhibition of the Donatello ^^David,” 
W'hich stands in tlie center of gallery 11. Eggers & Higgins were the 
axxdiit43cts, and Vemiilya-Brown Co. the general contractor. 

The Gallery staff constructed an L-shaijed, SM^mpartinent greeu- 
liouse within the southw*est moat wall i and the staff is now construct¬ 
ing a cold-conditioning unit to be used in conjunction with the green¬ 
house. These facilities will enable the horticultural staff to supply 
suitable flowering and foliage plants for the garden courts and for 
sj>ecial exhibitions at almost any time of the year. 

A new plaque of Andrew Mellon, eculptnred by Walker Hancock, 
Was installed in tlie Constitution ATenue Lobby» 

OTHEE ACTIVITIES 

David E. Finley, Director, dehvered the following speeches during 
the Gscal year: *The Museum in tlie Cold War*^ at a luncheon nieeting 
prior to die opening of the Kress Wing at the Denver Art Museum 
in Sept^ber l&M; the principal address at the annual meeting of 
the National Trust for Historic Preservation in Cldcago in October 
IBM; in May lB5ji, in New York, he delivered a speech entitled **A 
Bridge for the Arts" at a meeting of the Cotumbia Associates of 
Columbia University; and at the annual ntccUng of tlie Aincricait 
jl^sociatioii of hluseums in Washington in June 1955 lie spoke on 
*^Museums and their Public Relations*^ 

iorty fatmd.ay evening concerts were given during the hscal year 
1955 in the West and East Grardcn Courts. The National Gallery 
Orchestra, conducted by Richard Bales, played 10 ooDcerts at tho 
Gallery, with additional performances at the United States Naval 
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Academy at Annapolia, Md.; at the Corcoran Gallery of Art; and in 
Alesandrm, Va, Two of the orchestral concerts at tie National Gal¬ 
lery were made jKJssible by the Mnaic Performance Trust Fund of the 
American Federation of Musicians. A preseason concert was played 
by the National Gallery Orchestra on Tuesday, September 7, 1&&4, 
sponsored by the International Congress of Clinical Pathologists at 
a reception held at the National Gallery. 

During April and May, sis Smiday evening^ were devoted to the 
Gallery’s Twelfth Ameriojin Music Festival. All the concerts were 
broadcast in tlieir entirety by Station WGMS-FM, Washington^ and 
the Good Music Network. The intermissions, during these broadca^, 
featured discusions by members of the curatorial staff oii painting 
and seiilpture in the National Gsllery of Art, as well as on musical 
subjects by Richard Bales. 

In October X054, the Columbia recording of “The Confederacy" by 
the National Gallery Orchestra with the Church of the Reformation 
Cantata Choir, soloists, and speaker was released. It has recei^ 
widespread press notice, including an article in the Saturday Review 
of March lO, 1955, by foimcr President Truman. 

The photogi-aphic laboratory of the Gallery produced 7,368 prints, 
366 black-and-white slides, 20,101 color slides, 105 color trans^ren- 
dee, in addition to 1,^20 negatives, color-separation negatives, infra¬ 
red and ultraviolet photographs and X-ray shadowgraphs; also 2,936 
lantern slides were bound. 

During the fiscal year, 1,289 copies of press releases were issned in 
connection with Gallery activities, and 302 permits to copy and 141 
permits to photograph in the Gallery were also issued. 

OTHER GIFTS 

Gifts of money were made during the fiscal year 1955 by the Old 
Dominion Foundation and the Avalon Foundation. 

audit of private funds of the gallery 

An audit of the private funds of the Gallery has been made for 
the lisoal year ended June 30,1955, by Price Waterhouse & Co., public 
accountants, and the certificate of that company on its examination 
of the accounting records maintained for such funds will be for¬ 
warded to the Galleiy, 

Respectfully submitted, 

HtrNTiKOTON Cairns, Secretary. 

Dr, liEONABD CABsncmAni, 

Secretary^ Smithsonian Institaiion^ 


Report on the Library 

Sm: I have the honor to submit the followiog report on tlie activi¬ 
ties of the Smithsoniim Ebrary for the fiscal year ended June 30* 
1955: 

The library ottcs its growth in strength and in the richness of its 
collections primarily to the extension and oontitinity of its exchange 
relations with scientific and other learned and cultural cstabEshmentg 
and societies througboiit the worlds and the larger number of the 
71jlT9 publications rworded in the receiving room during the past 
year came in exchange for Siiiithsonion publications. Tliero were 
654 new exelLanges arrangedj and 5,0SB voluiiKS and parts iiei^tled to 
complete set^ of serial publkations were obtained by writing sj^ecial 
requests for tliera to the issuing agencies. 

Tlie continuing generosity of tlic American Association for the 
Advancement of Science and of the American Association of Miisenms 
accounted for a very large number of tlie ^^4,301 pieces rcconli^ a^ 
gifts, but oUter organizations and more than 150 individual donors 
sent gifts of important and mudi-iipprcciated books and periodicals 
as well* 

The high cost and ever-rising prices of much-needed books and 
journals not obtainable by excbanga permitted tho purriiase of only 
483 volumes and 419 periodical gub^riptions tliis year. 

Additions to the Smithsonian Deposit at the Library of Congress 
numbered 6,348 publxcationSj chiefly volumes and part^ of long-estab¬ 
lished sets of serial publications issued by foreign inatitudons and 
societies. Other current accessions sent to the Library of Congreas 
were 3,106 doctontl dissertations, mostly from European universities, 
6,201 foreign and State documents, and 91,382 nuscellancoiis publica¬ 
tions on subjects not immediately connected witli tlic work of the 
Institution. 

Because of their special subject interest to other agencies of the 
Government, 5,133 incoming publications were transferred to their 
respective libraries. Most of them went to the Armed Forces Med¬ 
ical Library and to tbe libraries of the Geological Survey, tho Depart¬ 
ment of Agriculture, and the Kaval Oh^^ervatoryp 

By the employment of part-time temporary helpers for a few vt ceks 
during the summer gootl progress was made in putting the library'^s 
large collection of duplicates in order. From among tins newly ar¬ 
ranged material the Library of Congress selected 33,!>06 pieces for 
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use in its collections, and Gl,017 otliors were sent to the United 
States Book Exchange for exchange credit. 

Tlie catalog section classihed and cataloged volumes, entered 
21f305 periodicals, and filed 32,371 cards. The important work of 
combining into a single comprehensive dictionary catalog the two 
separate Smithsonian union and kinseum catalogs was finished, but 
there is still a great deal of revisionary work to be done on it. This 
catalog cannot be a fully effectivo key to all the library’s resources 
until the many thousands of incompletely or wholly uncataloged 
volumes in bureau and sectional libraries and in special collections 
have been cataloged in full. 

The use of the library which, with its branches and sectional li¬ 
braries on special subjects, is a series of reference and research oollec- 
tions, is always difEcult to show statistically, even in those areas where 
it is poffiible to keep accurate racords at all. The library is freely 
open to anyone who wishes to use it for reference, hut circulation of 
its books and periodicals is restricted to individual members of the 
staff of the Institution and, within certain necessary limitations, to 
other libraries; therefore 10^03, the recorded number of loans during 
the year, represents only a fraction iil part of tlie largo and continuous 
use of library books in evidence all day, every day, in the main ref¬ 
erence rooms, in the bookstacks, and in the many decentralized units 
throughout the Institution. 

Demands on the staff of the reference section for reference and 
bibliographical nsgistance were heavy, as usual, and it was especially 
grati^ing to receive recognition from outside os well as from within 
Sie Institution of the painstaking and time-consuming skill of the 
staff in answering difEcult questions. Visiting scientists and other 
scholars from Europe and South America, as well as from institutions 
throughout the United States, made more or less extensive reference 
use of the library, and ilic sphere of its usefulness was further ex¬ 
tended by loans to IM- different libraries. 

There were 1,^27 volumes;, mostly of serial publications, prepared 
and sent to the bindery for binding or rebinding, and 1,S40 volumes 
were repaired in the library. Most of these latter were old and rare 
volumes in the Bureau of American Ethnology which had been ac¬ 
quired through the years, not at all because of their rarity, but because 
they were rich and sometimes unique sources of material on the 
American Indians. 

The installation of 200 feet of slielving in the National Collection 
of Fine Arts library helpCfl a little to relieve the congestion there, but 
was only a temporary palliative to the serious overcrowding that 
threatens deterioration lo many beautiful books, and handicaps the 
ease of their use. 
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Unclerstftffijig continUfs to be tlie most immediately serious obstacle 
to giving the IjistituLion better library service, based on orderly^ Tvel]- 
kept, and welln^ataloged collections. With so many of the larger 
decentralized onita left without regular fulbtime atieiidiints it is im¬ 
possible to give proper custodial care and superrision of the books. 

SUMMARIZED STATISTIGS 


Accwioas 



YxAinsDm 

TolatncerM 

tgtiimrt, 

SmitlkSonJan Depoeit at the Library of Conpess,,,, 
SiiiitbBoniui toaitj library (Lucludfia former Office 
and MUAeuiik librariiii)-____ 

i 1 

6g6,602 

m, m 

14.701 
36h590 
335 
13, 700 
4,205 

Astrophysical ObaervaLory {{noLucEejl lladiatlcin and 
Organistns). _ 

Bureau of AnieTlEUi.n Ethnology-__^ 

Air MikmALim 

r^AlIrtrrlnn of Finfl Art* 

■ ^ OMSAif 4-» W !■ armr — a ^ m H.iK. m m m m m m 

Natinnal Zoological Park __ __ _ _ 

Total._ _ __ _ 

6p e47 

1 061.400 



Unbound volumes of periodicals^ and separates and reprints from 
serial publications, of which there are many thousands, have not been 


included in these totals* 

tXcHANClJt 

New eTclien^ea arrongod —.^^-r,—--—- 

310 for tlie BmlUiaoDliaD Dei>aalL 

BpcclaLly requested publications received--—--^ OSS 

SCO to nil aapa In BmimaaiUan J>epafltt seta 

CATAUdCDfC 

VnluiDes cataioEcd- _ _ ______—— -- —————4,040 

Catalog cards ^-------32^ HU 


FflltOPICAia 

PerlodlcDl parts ectered-^_____________ 21^805 

6,314 sent to the S^mltlisaniaD Deposit 


CTRCtrLAHOft 


I^nna nf books and perfodlcnts_________ _ ____ 10,2S3 

Circulation In Mcdonai nbrarles la not counted except in the DItIeIdd 
of liuects^ 


PUfDOrO XHD EETaa 


Volumes sent to the btuderr--_ _ _^^_____ 1*527 

Volunicv repaired tn tha lihrnrj . _ __ _^_1,640 


Ecspectfully submitted. 

F. Clabk^ Librsrian* 

Sr. Leoxaru Caesichazi., 

Secretar^f Smiihg&nian IntHivttm, 























Report on Publications 

Sib: I have the honor to submit the following report on the publi¬ 
cations of tlio Smithsonian and ite branches for the 7 ear ended June 
30,1955: 

The publications of the Smithaonian Institution, comprising 14 
different series, are issued partly from federally appropriated funds 
(Smithsonian Reports and publications of the National Moseum, the 
Bureau of American Ethnology, the National Collection of Fine Arts, 
and the Astrophjsical Obserratory) and partly from private endow¬ 
ment funds (Smithsonian Aliscellaneous Collection^ publications of 
the Freer Gallery of Art, and some Epecial publications). The Insti¬ 
tution also edits and publishes under the ausp ices of tlie Freer ^llery 
of Art the scries Ars Orientolis, whidi appears under the joint im¬ 
print of the University of Michigan and tlm Smithsonian Institutiom 
The first volume in this sente was issued during the year. In addi¬ 
tion, the Smithsonian publishes a guide book, a picture pamphlet, 
postcards and a postcard folder, a color-picture album, and color slides 
for sale to visitors. Through its publication program Smith¬ 
sonian endeavors to carry out its founder's expressed desire for the 
diffusion of knowledge. 

During the year tiie Institution publisiied IT papers and title page 
and contents of 3 volumea in the ilisoelluneous Collections, 1 Annua] 
Report of the Board of Regents and sepamtte of 19 articles in tiie Re¬ 
port appendix, 1 Annual Report of the Secretary, and 4 special 
publications. 

The United States National Museum issued 1 Annual Report, 8 Pro¬ 
ceedings papers, and 2 Bulietins. 

The Bureau of American Ethnology issued 1 Annual Report and 4 
Bulletins. 

The Astrophysical Observatory publislicd Volume T of the Annals 
of the AfitrophysienJ Observatory. 

The Smithsonian Institution Traveling Exhibition Service, under 
the National Collection of Fine Arts, published catalogs for 5 of the 
circulating exhibits. 

The Freer Gallery of Art issued 1 paper in the Occasional Papers 
fieries, 1 booklet, and Volume 1 of Arts Orientalis. 

Ttiere were distributed 438,^6 pieces of printed matter—192,108 
copies of the publications and 226,178 miscellaneous items. Publica¬ 
tions: 40 Contributions to Knowledge, 37,495 Miscellaueoos Collec- 
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tions, 10,907 Aiinoal Reports and 20,620 pamphlet copies of Report 
separates, 679 War Background Studies, 26^595 special publi^tions, 
232 reports of the Harrimau Aladta Ej^dition, 40,069 publicatioM 
of the National Miisemn, 24,533 publications of the Bureau of Ameri¬ 
can Etimology, 24,243 publications of the National Collection of Fine 
Arts, 699 publications of the Astrophyaical Obsenratoiy, 1,339 pub¬ 
lications of the Freer Gallery of Art, 3,515 Reports of the American 
Historical Association, and 1,343 publications not issued by the Simth- 
soniau Institution* Miscellaneous: 7 pictures of tho HarriiMn 
Alaska Expedition, 7 sets and 613 printa of North American WiId- 
flowers and 2 Pitcher Plant volumes, 23,338 picture pamphlete, 71,378 
Guide Books, 122,498 postcards, 2,003 postcard folders, 3,222 photo 
sets^ 3,800 color slides, and 9,257 color picture albums. 

The 1965 allotment from Government funds of §93,000 for printing 
and binding was entirely obligated at the close of the year. 

POPULAR PUBLICATIONS 

The Institution published during tho year the first of a series of 
popular publications on scientific and hiatorica! subjects related to its 
important exhibits and collections. Designed for both young and 
adult readers, the booklet, entitled, “Masters of the Air,’^ depicts in 
story and pictures the progress of artation from the first glider flight 
by the Lilienthal brothers of Germany in tho 1890 ’b to tUe superjeta of 
today that fly faster than sound. Included are the storiea of tho 
Smithsonian's own former Secretary Samuel P, Langley; flying pianos 
of the firet World War; the early flights across the ocean and around 
the world; and the achievemente of the famous “firsts,” such ns Lind¬ 
bergh, Wiley Post, and Sikorsky. The text of the booklet was pre¬ 
pared by Prof, Glenn O. Plough of the University of Maryland and 
formerly science and oducatinn specialist of the U. S. Office of Educa¬ 
tion, with the tecimical asaistanco of Paul E. Garber, head curator of 
the Notional Air Museum, and was designed by William D. Crockett, 
of the staff of the Editorial and Publications Division. The publica¬ 
tion Was made possible by a grant from the Link Foundation. 

SMITHSONIAN PUBLICATIONS 

S3HTa3dl4lAN inSCfXLAftEOUS COU-E-CTlOSTS 
VQLUHt 111 

Title pass wid tfible of conteotfl. IPubL 4£20.> 

VOtlfM£ m 

Ko, 14* A new pp-nng speclofF of plniifeton diatom ffom the Florida 
by Fata a Cottgor. fl 4 pis. (Pobl. 4171.) July 15 h centa.) 

Title pa®e and table ol i:K>Dtf^ntSr (PubL 4219.) 1955* 


162 ANNtTAL HEPORT SMITHSONIAN iNSTITlTnON, lOBS 


TOtVllE ua 

Nfl. 2. The drftEanflj larvft. tijr R E, SoodgraBSL SS pp., 11 (FubL 4175^) 
September 21^ 1^54 (35 

No. 3. A tn&EiitPiJ for the meAiFUretaeiiit of atniDsplierle o^ne tbt BliHorp- 
tion of oEDoe In the Tla^Sble erpectrum, by Ollier IL Wntf Mnd JAmeB R ^imeoer' 
man. 14 Fp. ( Ptibl. 4ltT*> October 27, 10&4 (25 cePte.) 

No. 4. HeviAiDn of tbe flea geOdB PerotnyMCrQpvt^lla^ by PhyllLi T. Johnsozi and 
Robert Trnub- 6S pp., 131 figa- (PnbL 417R) Noi'Kaber 23^ IS&i {C5 
centa.) 

No^ 5* Cooeernlng S^mlthsonlBB pyrhellonietryp by C* G. Abbotp I* B. Atdrleb^ 
and A. G. Frolland 4 pp. (FttbL 4n&P> Koveniber 2, 1&54. (3 centa.) 

No. 6. A new plctograpblc aotoblofrAphy of SIttbg Boll, by Alctlfl A. PradS. 
4 pp.. 7 plA (Pabl. 41B0.> Jamiair 20, l&nS. (35 eCflta.li 

No. T. Early OnoMlo vertebra lee Lb tbe red conglDmerate at GtlaiXAjOD t<K 
UeiLco, by Carl Filea, Jr^ Claude W, Hibbard, and I>aTld H. Dnnkle. 2S pp., 
1 pi., 6 ligs* (Plibl. 4131.)^ Febranry 17,1955. (SD eents.) 

Title page and table of content^- (Pnbl. 421&) 1053. 

TOLOliE u* 

The material caUtue of Pueblo Eoalto, by NeU '^L Jndd. With appendix, OaJd 
remalaa from Poeblo Eonito and Pueblo del Arroyo, by Glorer M. Alien. 3&ft 
pp., 101 plAi 101 (PebL 4172.} Hecember 20,1054, (|5.00.> 

¥OLina m 

No, 1, The black flies (BJpiera, SlmnlUdae) of Gaatemaln and tbeir n>le aa 
Tcctora of oncbocerclaalap hy Herbert T. DalranL 4^ pp,, 44 pt&, 21 flgs., 14 
maps. (Publ. 4173.) April 5. 1055. ($5.00.) 

No. Z. The pyramldcUld moltiuka of the Pliocene dcpo$tta of North SL Peters- 
burg, Florida, by Paul Bartach. 102 pp., M pis. CPubL 4m) May 6, 
1955. (fl.40.> 

voLum w 

No. % The archcologleat and paleontological aalTage progmia In the Mlasoorl 
Baala, 1050-1951, by Pad! L. Cooler. 99 ppi^ 12 p\A^ 1 !Ig* {PubL 4133.) 
April 28, 1955. (tl-35.) 

No. 3. A tevUlan of some gtandnline Nodosaiildae (Fora to In I fern), liy Alfred 
R Loeblttb, Jr, and Helen Tmppaa, 9 pp.* 1 pi* (Pdbl. 41ED.) February 3, 
1966. (aOcenta) 

vottiwz 

No. 1* Ampblpoda cjoUected at the Arctic Laboratory, Office of NstaI Be^earcb, 
Point Barrowp Alaska, hy G. A. MacGlDitlei^ by Clarence R Sboemaker, 78 
pp.* 20 fle». (Pdbl. 4209.) Jane 21,1953. (75 centa.) 

No. 2. Waiblogton, D. preclpltatloa of 1954 and 1955, by G G. Abbot S pp * 
1 (Pdbl. 4210.) htarch 1* 1953. (10 centa.) 

No. 3, Sixty-year wither forecaata, by C. G. Abbot. 22 pp.^ 11 dp*. (PnbL 
4211.) April 28, 1055. (23 cents.) 

No. C PerlCTllc solar xariatlon, by 0. 0. Abbot 20 pp,. 6 flea, (Pdbl. 4213.) 
Jnne 14, 1955. (25 cento.) 

No. A. A lerigton of tho qbleieera of the snbeeiidB QahrHept^ (Acarlna: Trumbl- 
Cdlldae), by Robert T^db and Mary Lon Morrow, 89 pp., 194 flg^ (Pabl 
4215.) June 39,1955. (»1.Q0.) 
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iANUAL EEFflllTf 

Bt'p&rt for l&SS^ —^Tlie conaplete TuItunQ of the Annual Beport of 
the Board of Hegents for 1953 woe received from the printer Sep¬ 
tember 2j 1954: 

AnsniLl Ecport of Boari! of Hfof the SmithHonLAii lostltnEion «howlDg 
tbe «^pe!ldlt 1 I^efl^ and coaditloa of iha luatltoBait far tbe ^e&r 

entl^d Juno 30^ 431 p[l^ 2 j (PtlbL414&0 

The general appendix contained the following papers (Pnbla. 4150- 
4163): 

Sdoucep art, and edncatloo, by B. E. ^fbsan. 

Recent progress In astrononiJcitl iiliotjo^ratby^ by CL HL Koucclb 
Badioisotui^es—Now teyfl to knowleditie, by PeuI CL AcberacilcL 
Tbe poEli-buttan factory^, by FrniLk K, Slulienber^er. 

Tbe Bclence of musica] InsEninionta^ by Q* ElcbardEon. 

Qfiuetita md tbe world todnyp by Curt Stern. 

Climate und rnce* by C:arl«tDii Coon. 

Vegeta Uon mDnae^tnent for rl^bta-of^way eml rOAibiiaetf, by Frank B, 

Applied flystematics^ Tbe nBcfuLnega uf tclontlflc DoiDca of nn lmnln and plonta; 
by Waldo I* ScliioltL 

The e^Joe^cal history and eroltitJon of InsectBi, by F. M* Caj^pcnter^ 

The coelo^ontb Jlidice, by Errol White 

Barra CoJorEdo—Troi^cal teliidd labomloryp by LJoyd Glonn Itijilei. 

Norsemen In North ioxierica before ColnmbuJi^ by Johanncfl Br^nd^ed- 
Tbe moantaln vlUnge of Dobr, LeMnon, by ItAymoud E. Crist 
Tbe problem of datine the Dead Sea BcroUo, by John 0. Treyer. 

Klnrelzulin^Tbo ''Golden BeLis Tomb^^ of Jatjan, by Motoanbiiro Hlrano and 
Hiroshi Taklfcehl. 

The trebeolo^y of colonial WBIlEinibtirg, fay Tbomai J. W^ortuDhEler. 

The story of the Declaration oC IndeiKndence deat and tow It i^mo to the 
Natlotial ^(ujsenm, by W. Brown. 

Cbarleo Bird Kin;, painter of Indlnn TlattOfE to the NoGon's Capitalp by John C. 
Ewers. 

Report for 1954 ^—The Report of the Secretary^ which will form 
part of the Annual Report of the Board of Regents to Congrefis, was 
issued January 14j 1055: 

Report of the Secretary of the Smithsonian Inatltatlon asil flcmnclal report of 
the ExectitiTe Committee of the Board of Rei;eats for the year ended Jana SDp 
le^w. i75pp,,-ipun (Pubi. 4ie^> 

^EciAL euaiJCATiaFis 

History under the oea, by lilendd L Petersoit 16 pp^. 7 pU. (FiibL 41T4.) 
[Au^t 01, 1054. {25 ecntfl.) 

Be»« WaJlaco Truman, by Mar^ret Brown. (Supplement to 'Thtiftes of 
the Flm LadSo« of the WbJte Hoiw/' by Margarfit W. Brown. PubL 4Doa) 

4 PP^ 2 pLa [Septeiuher ij, im 150 ceuta.) 

MosterE of the Air, by Glenn O. Bloogh. 32 pp., Ulustr, (RnbL 41S3) v [Dewm- 
ber 161, 1054. (TO Cents.) 

First LEdles Hill, by Margaret W. Brown, Id ppL, 8 pis. (Puhl. 4212.) IMoy 

SS],1955. (25ceiiEa.> 
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PUBUCATIONS OF THE UNITED STATES NATIONAL MUSEUM 

Tli^s NatioDBl Museum issued 1 Aunual Eeport^ S Proceediags 
papers, and 2 BuUetiDs, as follows: 

AKmJAl. B£P01T 

Tbe Ualted Statfts Nniional MuaeuM anDtcai for tlie j^eor endetf inne SO, 

105L [x+lOO jitK [January 

eaocEEPiNics 
voLtruE m 

No- S334. A ffupplemeDt to "W. M* TatteffifiJUfl review of the Mjsldacoa of the 
United States Nattonal Museum, hy Albert H. naftner, Pp. ni5-5S3. Jajy 8^ 
lOM, 

No. 533S. On the anotoroy aod relationships of plosay cnckCKwi ut tUo pcnora 
Lfswiprojnorpfta, and by Andrew H. Berger* Pp. 

085-CS9T, figs. e&-7l, January iftp 

No. SupplemeDt nuj eorreetlous to L A. Hyslop's genotyiMH of the 

elaterld beet lea of ih& world, by Eoas: H. Arnett, Jr. rp* April 14, 

10C5, 

No. 8337. Neotropical Mlrldae^ LXlV: New bugs of the (sriibfatiilly Cylaplnae 
(Hein]ptera>p by Jos^ O. M. Carvallio. Fp. 821^2, BgsL 72-70, pL Mareb 2. 
1955. 

VOLUME ]&l 

No. 3333. Eevlslon of tb^ vSttate epeelea of the clarya«ffli^bd beetle geniifl 
from the Ajnorlcas sotith of the United Btaiea, by Dorla Holmea 
Blahe. Pp. X-SO. fljia. l-TG. April 4, 1955. 

No. 3339. A rcTialon of the Noarctlc sjiecSe# of tbo beetle eernis Meli^cthet 
(NltldnUdae), by Alno Easton* Pp. 87^103, Uga 76-73. Febrtiarj 25^ 19S5, 
No. 3340. Four new Venesaelao rednvlid bug^, by Maldonado Caprllea. Fp. 
lOS-113, figs. 78p 80. U&rch 23,1950. 

No* 3341. Some poly clad flatworJns from the West Indies and Florida, by 
Ubble H. HymsiiL. llfi-150, flgs. fil-SD. Xtay 2, Ifi^A 

BllLUmh'3 

20Ci. Uet of North Amerlcnu Recent matiitnaU, by tlerrlt S. MllJerp Jr.^ and 
BemingtoP KoUogp. X11-3-OS4 pp. Mnreh % 1955. 

200^ Ftorb of aonlheastern BnlxU, by Doris M. Cochran, si+423 pp.p 23 figs., 
frontiaplece and 34 pis. Jnoe 22,1955. 

PUBUCATIONS OF THE BUREAIJ OF AMERICAN ETHNOLOGY 

There wore issued 1 Aimual Keport and 4 rhillctiiis, as follows: 

ANNUAL BEenBT 

Seventy-first Annual Report of the Bureau uf American Etbnologyp 1953-1954. 
U+lTifix 1955. 

auUXTtKS 

BnUetln 167* Anthropologtcal PaperSp Koa 43-4& 111+415 pp^, 73 pln,^ 23 figa 
1965. 

No. 43. Ston e moan menu of the Hfo ChiqultOp VerecmXp MexJoOf hy 3t£a^ 
thow W. StetlLog. 
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Ko.44- Tbe Cerra lofi MEsas offerLag of Jade find oUier mateHole* liT 
Philip Dimcker. 

Ko,4Sl Archeological maledals from the vlclnlly aC Mohrldgei ^outh. Da¬ 
kota, br Waldo EL WedeL 

No. 40. The orEetnal Stmchey Tocabular^r of the Ttrginta ladlau lajiguager 
bj John P, HarrlngtacL 

NOr 47. The Saa Dance of tlie Northern Ute+ by J, A. Joaes^ 

N0.4S, Some mJiiHfcs tat lens of whaler la MesoamerScua art+ by Bob&rt L, 
Baoda. 

Bnlletln IGS. River BnEin Borreya Paper Na T. Arrbeologlcal infeatlgatloiifl 
In tho OatLO Ddu area^ South Dakota^ 199CMS1, bj I>ounld J. Lehiuerr ai-|-160 
pp., 22 p]^., tie flgs,, d niiipa. Iftl54- 

DuUetin J5P. The hor&e In BlackfOMt Indtpu cdturep with comparative mate¬ 
rial frnm other wcBtem tribes, by John C. Ewers, it+^ 74 pp., IT pis., S3 %8., 
105S. 

Bullellu leO. A ceramic studj of Virginia archeology, by CUJford Evans. With 
an appoDdlx on Aji aoalysts of projeetUe points and large bladest by 
HoilaadH vtil^-lOC pp^ SO pl8„ 23 1 cbart. Jl^. 

PUBLICATIONS OF THE ASTROPHYSICAL OBSERVATORY 

Anaala of the AEtrophysIcal Observatoryp voL 7. JE4 pp.^ B pis., 13 hga, (PobL 
41SB.) IBM. 

PUBLICATIONS OF THE NATIONAL COLLECTION OF FINE ARTS 

Brasiiliaii landscape architecture. New designs by Robertn Bnrlo Sian, IBmlth- 
EouiaD Infitltutiou Traveling Exhibition Servlee catalog.} 13 pp.t lUnatn 
(July ID&A] 

Nlneteeath eeniufy American paintlDgap from the prlvnie coIlecUon 

of Maxim Karolik. {Smithsonian liiatittitlon Traveling Exhibition Bervlee 
catalog.) 22 pp.. Including 11 p]a. I October 1B&4.] 

WateiTolora and prints by Redout^. (SmithsonIan Institution Trui'cllng Exhlhl- 
tJotL Service catalog.) 12 P(p.j 1 pU [Deemnber 1&54] 

Austiinti drawing]^ and ptiatn from the Atbertlda, Viettaa. (Smithsonian Insti¬ 
tution TravelIng Exhibition Serrlce catali^g.) 2T pp., 0 pis. (Febnuiry 1B55.] 

Goya. (Smithsonian Inntttotlon TraveCiug Exhibition Service catalog.) f April 
1955.] 

PUBUCATIONS OF THE FREER GALLERY OF ART 

Abstracts of lecbDlcat studies fu art and archaeology, 1&13-10S2, hy Rutherford 
J. Gctteos and Bertha M. Usiltou. Occosloual Papers, toL 2^ Na % 4D3 pp. 
(PuliL 4173. > im (^3.00.) 

The Freer Gallery of Art (Rev. ed.) 13 pp.p B plRn 3 flgs, (Pubt 41SIL) 
10155. {15 cents ) 

Ar^ Orientally vol. I. 207 pp., m pis.. SO Aks. (Publ. 4lS7.) 1954. ($13.00.) 

REPORT or THE AMERICAN HISTORICAL ASSOaATlON 

The anDual mi>orts of tha AmDrican Hifitorical Associatioa are 
transmitted by the AEsociation to the Secretary of the Smithsonian 

Institution and are by him communicated to Congress, as provided 
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in diB act of Inoorporation of the Association. The foliowiiig reports 
were issued during the year: 

imaml Report of the Anterlcab Hfiitorlcal Association for tlie ]r«ar 1G52. TOL 
2. WrltLaia OD Aoterlcan Bintorr, IfluO. xlll +«£» pi^ 18 Ml 
A imtisl Report of tbe American BJatorieal Association for tJie jcfii 10^. VoL 
i. Froceedlnp. 62 pik. 1056. 

REPORT OF THE NATIONAL SOCIETV, DAUCBTERS OF THE AMERICAN 

REVOLUTION 

The mfluuscript of the Fifty-ssTenth Annual Eeport of the Ka- 
tional Society, Daughters of the American Revolution, was transmitted 
to Congress, in accordance with law, on &larcb 21, 19S5. 

DIVISIONAL ACrrvmES 

The duef of the division continued to represent the Institution on 
the board of directors of the Greater Washington Educational Tele¬ 
vision Association, Inc,, of which the Smithsonian is a member. 
During the year the Association produced a serioa of educational 
television programs broadcast over Washington statious, and the 
Smithsonian participated in two of tlicsa. 

The assistant chief of the division, John S. Lea, devoted consider¬ 
able time during the last half of the year to the preparation of a 
brochure esplaiuing the history, purposes, and accomplishments of 
the Smithsonian Institution. Mr. Lea also served as dmirman of 
a committee formed to assist the Washington Area School Study 
Connell, representing tlw school hoards of the area, in working out 
a method of m aking more eflfective use of the educational potential 
of the Institution. 

Members of the division, particularly Ernest E. Bieblghauser, as¬ 
sisted the Personnel Division in planning and inaugiimting publi- 
cutioD of The Torch, a multi graphed house organ for Smithsonian 
employees superseding the monthly newsletter of the Smitlisonian 
Employees Federal Credit Union. Tim first nttmber appeared in 
March 19&5. 

Respectfully submitted. 

Paul H. Okhser, 

Chief, Editorud and PublicatioRe Dwieton- 
Dr. Leonaed Cahiochael, 

Secretary, Siftithttmian Inetittilion, 


Report of the Executive Committee of the 
Board of Regents of the Smithsonian 
Institution 

For the Year Jtme 19SS 

T0 the Beard of RtgiTUe ef the Smiiheonian 

Your eJtecutiT^ oomnittee rKpectfuily submits tbs following r®p 
port in relation to tbe funds of tJie Smithsonian Institution, K^ther 
with a statement of the appropriations by Congress for the Govern¬ 
ment bureaus in the administrative charge of the Institutionj 

SMITH50NIAN ENDOWMENT FUND 

The original bequest of James Smithson was £104,060 8s, 6d.— 
$508,318.46. Refunds of money expended in prosecution of the claim, 
freight, insurance, and other bcidental expenses, together with pay¬ 
ment into the fund of the sum of £5,015, which had been withheld dur¬ 
ing the lifetime of Madajae de la Batut, brought tbe fund to the 
amount of $550,000. 

Since the original bequest, the In^itution has received gifts from 
various sources, the income from which may ho used for the general 
work of the Institution. These, plus accretions, are listed below, to¬ 
gether with 0 statement showing tbe Income for the present year. 

E^'PO'WME^^' FUNDS 


flncDio^ for the nnrefitrlCT^ of the Instttdilton) 

Partly deiMBited la tlje United Statea Treasiiir At e porcent Aod partly lar^ted 
In bQud5„ ajid other holding 
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The Institution holds also a number ol cndownieiit gifts, tlie income 
of each beJn^ restricted to sped he use. These, plus accretions to date, 
are listed below, together with income for the present year. 


'F^232^A 

latrttmant l«5 

taaoiht IW 

AbboEl, WUll&m U, ^ mwEixBtbiu in ............. 

iiaMs^sa 

tanddSM 
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FREER GALLERY OF ART fVm 

Early in liK>6^ by deed of gift, Charles L. Freer, of Detroit, gave 
to the Institution his collection of Chinese and other Oriental objects 
of art, as well os paintings, etchings, and o£licr works of art by 
Whistler, Thayer, Dewing, and other artists. Later he also gave 
funds for construction of a building to houso the collection, and linally 
in his will, probated November 6, 1915, he provided stocks and so- 
Gurities to tlio estimated value of $1,958,50L42, as an endowment 
fund for the operation of the Gallery. The fund now amounts to 


97 , 230 ,9C8.48. 

SU^IMARY OF ENDOWMEPCTS 

InviMted £Ddowii]ient f«>r general purpoBes.^----—— ^1+901, 002.11 

iDvested eodowmeok for apeclUc purposes otiier Uioii Fne^r tua- 

iWirdiopt:..*- - - —2, iS7+27S.3T 

T{»tAl laveETted dido^lnent i 3 tat?r lluiii FrMir CDduwzneiit^ 4,03S+ 330- 49 
Freer laveeied endowment for spectre ---— T* 230* 938.48 

Total laTeflted eadewpieat iot all piupoBcs— --— 11+ 20S. M 


CLASSMCATtON OF UVVEStMET^l'S 

Depo&tted In tbe U, B. Treaaary at 5 percent p^r annani, aa ao- 

thorlssed la toe IterLBcd Statutes^ sccv - -f 1 , OOO, € 00 - 00 

feveatmeata etber tbaa Ftwr endowmeat (coat or nuuki^t tulue 
At dAte acquired): 

__ |l,144p322.fl2 


Stocks _1,872,035.00 

Real estate aad G, OSKt 00 

UnjDifefited eapltal___^«*^__*__—^ 1G,B80.77 

- 3,033,330.48 

Total lnTe&tnicata otter tlmn Freer eiidowiDeDt-».w-^, 4» (S8t 330- 48 
laTcetiiietits of Freer eadowmeat (cost or market value at date 
aequlTHl) : 

Bondfl^_ . - - -___ _ _ $ 4 , 374 ^ 757+31 

Stocks____2, S35, 878.00 

On Invested capltal^,^.--——— 20. 332,27 

- t,230,M9.48 

Totiii laveatiQentAw,-—- 31,209,208.09 

CASH BALANCES. RECEEPTS, AND DISBURSEMENTS DURING FISCAL YEAR 

1955* 

Cuali baltuiee on hand June 30, 1054—-—.. —860^10^-15 

Receipts^ other than Freer cndowmenl: 

Income from Investments^^—.- 9233.712,18 

Gifts and coatrlbutlaiLa-^-- 855i G02, 07 

Booku and pobUcntloaE—___—- 70^751.72 

MUeCLIaDeca^^___—__ 37^105-24 

Proceoda from real eaiate___40.00 

* ThlR itAUment do« net iiwdudH GOTCrimiuiE approprtAUtraa tiDiier Hi* nlni!4iUtr*tlv* 
diiTf e of tb* Im-tttDtteiL 
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CASH balances; RECEIPTS, AND DISBUHSEMENTS DIJRING FISCAL YEAB 

195S—*Conkini2«d 


RecelptB, tliau Freer endo^^ent—Canttuncd 

Ptot-eeiEfl Crcm sale of st^urltiee _(t33Sp782.M> 


Proceei^ from sale ot securltlea (net)_ ( 150. 00) 

Total receipts other then Freer eiidawment__$302,043.21 

necclpta fmio Freer endowment: 

Income from m^estments^._ _ _ _ _ 04 (j^ gSSt, 4 S 

Total---- a, Sn* 000.85 


DtaborBemenU other than Freer endowment l 

Adroi n ifltmtJoi]_____ $08,438* 50 

PabUcation___60^ S 37 ^ 53 

Ubmry---- 535,47 

CoatcMhan fees and servlciog aecmrltles-^_ 2 ,539 .12 

MSacel Inneoua_____ 2 ; 060. 44 

Payroll wlthholdlnga and refund of ad^ano$a 

t net j---------- 1, ora es 

Eesenrchca and exploraUonA—___ 473,808, 28 

Su I. BeLlremeiit Sjfatcjn-- - -- 2,815.10 


Total dKflburaoinente other than Freer endowment_ 641,734.09 


Dlebiir$ementa from Freer endowmeot: 

Sala r1 ea . ....$ 122 , B8fi, 40 

Pnrcbna^ for rollectLon— __ _ 175,435,00 

CUBlodlan fees and ^rvtclnfi secnrltlcB_12, 678.14 

Mlscellaneoua____ 37j 440.84 


Total dLabnraementa from Freer endowment—^__ 348,422. 86 


Total dlBbarBementa^____ _ _ 990,156,47 

Cash balance Jane 3D, _______ 580w 8S3.38 

Total------ 1,5tT, 0D9. 85 


Caah; 

United 8tatea Treoam-i' ctir- 
rcnt actnqnt _____ 

ASSETS 

^S)2,a30.e9 
3M, Et22.6B' 


In hanks and on hand__ 


r^as anlnvcated endowment 

SS({,8S3.3a 

86,319.04 

|SnO,934,34 

10.550,00 

TsSwOe&Be 

TraTol and other advnaees 


Cash Invested (U. a Trea«njr,y notes) 


$1,287,060.26 
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ASSETS—Continued 


tavestiDeatJi—at hook. Toltie; 
KQdowiD«nt fimda: 

Fr^r OoJlerjT of Art: 
StoPt£B and boada.. 
UniaTeated 


„ (7p 210.638.21 
20,332,21 


Inrestmentd at book taIdo other 
Umn Freer; 

Etocikii and bonda-^__ 


UalDTe«ted cash- 


$T,mm4S 


IBpOiieiTt 


EpeeiaL deposSt Lo S. 

TreaBiLTT at 0 percent In- 

tereeit--- 1, OOOp 000.00 

Other atooka aed bonda-..^ 76, OIL OS 
Beal eemte and [iLort;gugea. 5^030, 00 


4.CI3S.m4S 


SUp 260p 203.06 


ToUl_ 


1Z S^O. 22 


UNlXPEypED FUNDS AND £NDOl 71 tENTl 3 

Uzwzpeaded fanda; 

Jncefne from Freer OaUerr of Art endowBaet3t_^„__ $535, T40. S9 

Income from otber eodowmeota^ 

Iteatricted_ $325.014 80 

General---222^870,06 


GJfta and ^ratifj_ 


Endownxiit ftmda; 

Freer Galler/ af Arc,_,-^-— 

Other: 

Bestrlcted^—__ $2,13Tp27S,^ 

Ocnerel^___1,001,06^11 


G4Tp 8G0. Sa 
203,4ia5t 

1,287.050.26 


_ $7*230,m4S 


4,038,330.48 


11,289, m 08 


Total_ 


_____12.556,349,22 


ITie practice of maintaining savings accounts in Bcveral of tha 
Washington banks and trust companies has been continued during the 
past year, and intent on tliesc deposits amounted to $3,162.17. 

Deposits are made in banks for convenience in oollectiou of checks, 
and later such funds are ’withdrawn and depcsshed in the United Statas 
Treasury. Disbursement of funds is made by chock signed by the Seo- 
retary of the Irtstitutiou and drawn on the United Stat^ Treasury. 
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The Institution gratefully aclmowledgea gifts and grants from the 
following: 

Amerlean Museum of Natural adriltloitaL giftt fer a etndj of the 0 U 1 - 

oology of tlie Tetm^fiui lodJaus of the British Coluioblq coast. 

American Philosophical Society, for studies od the hetarlor and life blstorleB 
of aotitury Waaps. 

Dr^ Bobcrt A. Vines, Director of the liluaeuiu of Natural History of tfouston, 
for Improvement of the United States Nattonul Herbarium CoUectlona;. 

Agnes Chase, additional gift, for copying the Ludex to grnaa names. 

The Wm^hlngton Fashion Croap, adriltlonal gift, for the costumes eollectlou. 
OeolOE^lcal Sc^det j of Americfl* for AcrTiees of n sdcntlhc iUustrator 
Johns Hopkins Ualverslty, additional gift, for pub-ilea tioas on Arctie researeb. 
Link Fonadation, additional gift, for preparation and distribution of materinla 
related to the contdbutlons of the Natloaal Air Museum to aTlntton edwcatlon. 
E. A. liulf^ lilDk ATLation^ Inc,, nddittonal gift, for biBCorJcnl researcli (marine 
arebeology). 

Merck & Oo„, Inc,, for preparing a vitamin eilUblt 

NA^D^al Academy of Sciences, for typiog the manuscript of the second edition 
ot Ihe Flora of Dkluawa- 

National Ceo^raphlc Socletyi to eetahll^b the Olmec Archeological Fund. 
NntioDnl OeograpMe Socletyp eddltloDa] grant, fOr the pnblieatlon of *"The Mate¬ 
rial Cnltnre of Pueblo Bonlto.” 

National Science Foucdatlonp for the pnblicatloa of Annotated Subject-Heading 
Bibliography of Termites.^ 

National Science Foundation, gmut to provide maintenance and operation of the 
CAnai Zone Biological Area, Bario Colorado Island, Canal Zone. 

National gclenee Foundation, grant for reaearcta on 'Taxonomy of the Bamboos," 
J. Towrioend BiisEinlb to secure arciieologlcal scries from the Scandinavian 
countries. 

Harvard Unlveraliy, for the Peabody ^losenm, Harvard-Smltbsonlaa rnetltutlon 
Kalahari Expedition. 

MnIe?oIm MacCSregOr. for “The Philatelic Pundr" 

L A. O'Shaughnesay, for publication of Sister Inez HUger'o manuacript of her 
study of Arnucualan Clilld Life and Its CuUuroi Background. 

Mr. and MrsL Bruce Biedlti, for an expedition to the Belgian CongOr 
State Eh^pnrtment, grant to cooperate an EdueatLouiil Exchange Senlces. 
Ougeenbelm Foundation, additional grant, for the wax mctabollom fnniL 
The Wenner-Gren Foundation, for use Ln conaecElou with a seminar on the rale 
of physical anthropology Ic the Ideal[dcatlon of human remains 
For support of the Blo-Scleacas In format ton Exchange: 

Atomic Energy Cotomtsslon. 

Deportment Of the Air Foncjc. 

Deportment of the Army^ 

Department of the Navy. 

National Sdence Foundation. 

Public Heoltii Serrlcn. 

Veterans AdmLnJstraiion, 

The foregoing report relates only to the private fimdfl of the Insti- 
tutioTl. 

Tlie following appropriations were made by Ooagress for the Gov¬ 
ernment bureaus under the adminlstrAtive charge of tlip Smithsonian 
Institution for tlte fiscal year : 
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Solarleg bqO expensn.---IS* CMS* 140,00 

Nitioual Zoological Paris- 048*000,00 


These fibres include supplemeDtal appropriations to pay salary 
increases of approximately ly^ percent voted by Congress effective 
March 13,1055. 

la addition, funds were transfomd from other Government 
agencies for expenditure under the direction of the Smithsonian In¬ 
stitution as folto^rs: 

Workine faiidtp frotn thfl KdtLonnl P&tIe Spmlce, loterlor 

D^p^rtmeDtp for arcbeolol^-cal invefitlgatlonA in rlTcr baEluB 
UiTooglioiit tlie United States_—___ _ _— 700. 00 

The Institution also adminisicirs n trust fund for partial support of 
tlie Canal Zone Biological Area, located on Barm Colorado Island in 
the Canal Zone. 

AUDIT 

The report of the audit of the Smithsonian private funds follows : 


WAaiii3roT03«, D. C., August 8,1955* 

*Fo THE BqAAD op EEXieaTa, 

SuiTHeOITUN iNfiUTUtlO^^ 

55,, D. 0. 

We hare estamined the Oniuielal atateuieatfl nod sehediUcs, ns listed In. Uie 
aocomfiaojlog iniie^, of the Bmlthsonlmi relative to lU prlrate en- 

dewment foods and gilts (but eioludlug Uie Natlomil Galletj^ of Art and other 
departmeDtA, bureaus or operationa adtulnistered by the Instituthoo under Bled' 
crnl approptlatloDs) for tho year ended Joue 3D, 1M5, Our oiamiimtloD was 
made In occordauee with geoeraily accepted audUlog stauilards, and iiL-conlLcgly 
Ibelitided such tciia of tho uecoontittg racordia and such other audJUag proec^- 
durea as we com^ldcrcd necessary in the cUcuinstonces. 

The iDBtitutioD utalDtalBs Its aceounta oq a cash ttesis Obd doeo hot accrue 
Income and oscpenoes. Laud^ bulldlugUp famlturop eouJpmeut, works of nrtp 
llriug and other spec] mens and certain iruudry property are not ineloded In 
the accounts of the InsHtutlom 

In oar opLuJonp the oceciDPOiulog doondol statemente present fairly the 
pooltJoQ of the private funds and the cnab and Investmeats thereof of the Smltb- 
BOnian Institution at June 30, lQi5S (exelndlug the Katloual GnlleTy of Art 
ond other departnionts, bureaua or operations adadnietered by the loBtitution 
wader F^eral appraprlatloua) and the ensb receipts and dlshtiraements for the 
year then ended, tn eonfonulty with generally accepted acoontitltiig prlbdpleo 
applied on a basis consistent with that nf the prscedinj? year. 

Pi^T, Mabwiok^ MirciTELL A Co. 

EespecLfully submitted. 

CImABZNCE CAKNOh* 

Yak^evaji Bush 
Bosebt V- Flemujo 
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AD\T]KTISEMENT 


The object of the General Atfendix to tlie Annual Report of the 
Smjthsoniftn Institution is to furnish brief accounts of scientihc dis¬ 
covery in ]mrticular directions; reports of hiYestigatioiis made by 
staff members and coIlalx>rutora: of the Institution; and memoirs of a 
general character or on special topics that are of interest or valua to 
the numerous correspondents of tlie Institution* 

It hag been a prominent object of the Board of Regents of the Smith¬ 
sonian Institution from a very early date to enrich tlie annual report 
required of tliem by law with memoirs illustrating the more remark- 
nblo and important developments in physical and biological discovery^ 
as well as showing tlie genera! cliaracter of the operations of the Insti- 
tutioD; and, during the greater part of its history, the purpose has been 
carried out largely by tJie publication of such papet^ as would possess 
an interest, to all attracted by scientific pn>gre^ 

In 1830, induced in part by the discontinuance of an annua! sum¬ 
mary of progress which for 30 years previously had been issued by 
welUknown private publishing firms, the Secretary had a scries of 
abstracts prepared by cojn|>etent colluborators, showing concL^ly the 
prominent features of recent scientific progress in astronomy, geology, 
meteorology, physics, chemistry, mineralogy, botany, zoology, and 
anthropology. This latter plan was oontiimed, tliough not altogether 
satisfactorily, down to and including tlie year ISSS. 

In the report of 1989, a return made to the earlier method of 
|>reseuting a miscellaneous selection of papers (some of them original) 
embracing a coasiderablo range of scientific investigation and discus- 
eion. Tills method has been contintied in the present report for 1055. 

Reprints of tlie various papers in the General Apjiendii iiiay be 
obtained, as long as tlie supply lasts, on request addressed to the Edi¬ 
torial and Publications Division, Smithsonian Institution, Washing- 
ton25,D.C. 


Science Serving the Nation 


By Lee A. DirBRrPCE 

VrwdEni, Caiifonu^ of T^hnolo^ 

We are sometskxs enxlesrd to think Uiafc tlie phenomenon of 
science being of service to tlic Nation is a deTelopment of recent 
years—say since IMO. However, as a matter of fact^ science has 
always been a national asset and has always been in tlie Nntion^s 
service. Science and teclinology inde^ have been among the deci¬ 
sive influences that liavo improved the conditioa of the American 
people, and thus made this Nation fine and strong, 

Howeverj even if we think of science directly seirTing the govern* 
nienti rather than serving the i>eop1e generally, we are stiU not dealing 
with a new phenomenon. Beginning with tlie day Benjamin Franklin 
invented die postage stamp, the United States Government has needed 
and has used science and tcehnology, not only to promote the general 
welfare of die iieople but also to advance the special functions of the 
Federal Government, including, of course, the function of national 
defense* 

This long experience has led this Nation to the conclusion—a conclu¬ 
sion not always e^epresed or adequately implemented, but nevertheless 
definite—that the Government and the Nation are heavily dependent 
for strength, welfare, and security on science and tedmology. Hence, 
it follows that the Government must do two thingis: (1) Make pro^ 
vision for the carrying on of scientific and technological activities 
within the framework of government to serve specific govemmont 
needs, and (S) encourage and support throughout the country a strong 
nongovernment ecienoe and technology* Both of these activities are 
necessary for a strong and prosperous nation in time of peace j both 
are vital to bring military streiigth in time of war. 

However, it is one thing to recognize tiieso two facts and obligations ; 
it is quite another thing to do anything sensible about them- Tlie 
history of government relations with science is replete with examples 

^ Address at opealna of new baildloE of The Johns Hop¬ 

kins UnlTCTBltr Applied rhyaics l.abomtoiryi Howard Conatyp Matrlaadt October 
10> iaS4 Reprinted by permlssJon of the Laboratory. 
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of good mt€ntioD and bad implemendation. A desirable agency is 
established and is Uien deprived of funds. Laws enuncinting high- 
soundbig ideals arc passed, and tliea tlie men wiio ore aptiointcd to 
implement tliem arc denied Becretarial help and travel fiindSw ScicQ'' 
tists are ailuted as being essential to the Nation’s progress, and are 
then drafted as privates in the army, or employed by the Govern¬ 
ment nnder policies set up for postal clerks. 

I am told that men wlio have been in politics for many years do not 
aspect political institutions in a democracy to be either reasonable or 
consistent on any policy matter. The implementation of policy, they 
say, will always be in the hands of many people wlio have di fFering 
views on various aspects of the policy, and these people will change 
with tinie* hence Uiere is bound to be confusion. Those of us who are 
less experienced, however, still think of “the Government^’ as an entity 
with a mind and a purpose. And we shall never get over the slioek of 
seeing the Government do one thing with one hand and a wholly 
contradictory thing wi th die other. Some people react to t h Is paradox 
by turning their hacks on government entirely, refusing to have any- 
tliing whatsoever to do with it—except when forced to serve in the 
army or to pay an income tax. Such people often come to dispise the 
Government to such an extent that they castigate anyone liaving 
anything to do with it. 

Most reasonable iieople, however, though they sigh sadly at the 
vagaries of a demoei'atic government, still real Lao Umt it is the only 
government we have and that we should try to put up with it, to help 
it and to try to moke it better and more consistent. In time of w‘ar we 
all do this. In time of peace it is more diflicult to do, but—on a smaller 
scale—no less necessary. 

If this be our desire then it is certainly necessary to be very frank 
and very objective. We must ask penetrating questions about wliat is 
wrong—and what ia right. Wo must be very free to discuss these 
matters with others in a spirit of good will—never throwing doubt on 
another’s ideas or suggestions by questioning Jiis patriotiam or in¬ 
tegrity. Wb must be willing to speak frankly and to listen to frank 
talk. 

For purposes of simplicity it will be necessary for me to ignore 
now a large portion of die areas of government where problems relat¬ 
ing to science may lie. I sliall not speak at all of the many civilian 

agencies of our Government which may deal with scictice_the 

Bureau of Staiidanls, the Public Health Service, the Smitlisonian 
Institution, the Departments of Agriculture and of the Interior, and 
all the rest, I shall confine myself to one question: What are the 
problems relating to improving the ways by which science and tech¬ 
nology con contribute to making the Nation so strong that it 
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can achieve its n^itiona] aima and ideals in the face of opposition 
from potentml enemies ? In shorty wliat are the ways in which science 
promotes national security? 

Even this simple question docs not have a simple answer* The 
roots of nationa] stren^h extend deeply into the national pattern of 
livings into the Nation’s industrial, social, educational, and economic 
^sterns. We cannot trace all these roots. But we may select a few 
essential items that are necessaiy to answer our question. 

In the first place, we now understand that both a strong military 
technology and a strong industrial technology must reat upon a solid 
base of fuTidamental science. This is a fairly obvious remark, of 
course, since all technology grows out of discoveries in basic science. 
But It inunediately follows that the Government should encourage the 
building of a strong science* There are several specific reasona for 
this: 

1. New knowledge is essential to future progress, 

3* Tho corps of scientists engaged in basic science are among the 
most able and imaginative in the country* Their number should in¬ 
crease, not only because of the scientifio advances they will produce 
but because they stand as a ^eady reserve” available to accelerate 
the development of military technology when emergencies arise. 

8. Basic science carried on in universities is the sole source of edu¬ 
cation of future scientists and technologists. Those wellsprings of 
future talent must be maintained end enlarged* 

4. Basic science in relevant fields has an important place in 
laboratories of applied science. It improve the intellectual tone, it 
stimulates the imagination, satisfies the curiosity, helps attract new 
scientists, and, of course, fills in essential gaps in knowlodga 

How do we stand in this area of basic Bcience f Are we as a nation 
doing all right! 

I am convinced that the answer is in the negative. But I am also 
aware that great progress has been made. There have been important 
forwards steps during tlio postwar years* For example; 

I- The military services, realizing the importanoe of scientists to 
wartimes technology, aided mightily after the war in finanring a re^ 
habilitation of university research. The funds made available for 
equipment, for services, and for graduate student support stimulated 
a spectacular postwar development in university science laboratories. 
We will forever owe a debt, particutarly to the Office of Naval 
Research, for what was done in this respect. The Atomic Energy 
Commission and the Public Health Service have also made important 
contributions. They have shown that government can encourage 
university science without tlie necessity of unwise political interfere 
enoe, provided, of course, the universities tliemselvea remain alert- 
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Most j^erican industries have mcrensed tlieir research expend U 
turos by an amount which, for the country as a whole, adds up to a vu'y 
large factor. Industries have increased the amount of basic research 
in their own laboratories, and they have made substantial grants to 
support basic research in universities. Tliis is excellent and 1 hope 
the latter practice especially will greatly increase. 

3. The Government itself, especially the militaiy agencies and the 
A EC, have put their own applied research programs on a long-term 
stable basis and have made provision within the Government labor a- 
tories for such basic research os is appropriate and relevant in each 
case. (I am not. saying there is agreement on how much and wlmt kind 
of basic lesearcb is proper or relevant in each Inboratoiy, but I do say 
that the principle has been recognized.) 

4. The Congress finally pa^ed the Xational Science Foundation Act 
and gave tlie Foundation modest funds to get its program started. 
The Foundation Fellowship program has been an outstanding con¬ 
tribution. 

All these steps have helped to strengthen basic research, have helped 
in the education of students, have helped to attract young men into 
science, and Jiave also brought about a degree of contact, of friendship, 
of understanding between the scientists and the military winch was 
unheard of before 1941, and which will be a mighty element of strength 
in future (and current) conflicts. But there is much that has been left 
undone, much timt has been done inadequately or unwisely. 

Someone, for example, started the idea that the purpose of the 
Xational Science Foundation was to '^eliminate the tremendous dupli¬ 
cation In boMc research.** Tiiis is one of the most tragically mistaken 
delusions of recent Years, and I must take a moment to deal with it. 

Duplication in basic research is, in the first place, a contradiction 
of terms. Besearcb is the seeking for new knowledge. If the knowl¬ 
edge has already been found no one else will seek for it—so duplica¬ 
tion is impossible. If someone wished to check up on a discovery 
and repeat an experiment, this is certainly not duplication because 
science, by delinltion, deals with those phenomena which anyone can 
duplicate at will. 

Should one say then tliat it is duplication for two people to be 
searching for the same knowledge I This is like saying that it is 
duplication for more than one petson to search for a child that is 
lost in the woods. We all know that when many people participate 
in the search it is greatly accelerated, and if two searchers should 
come upon the child at the same time do we complain of duplicationt 
Even more, when one is searching the infinite wilderness of the un¬ 
known for an nncountable number of undiscovered pieces of knowl¬ 
edge, it is dearly evident that the more people engaged in the hunt 
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the hotter^ And if, once m 10 years, two scientists happen to mn 
onto the ^same discovery at the same time this is good, not bad, for it 
gives an immediate conSmiation of the validity of the finding. As 
long as science is carried on in the open^ not in secrecy, then duplica¬ 
tion is, by the very nature of science, nonexistent—indeed it is 
impossible. 

But the duplication idea leads to another illusion: that science 
will fae more efficient or effective if it is all under one managesnenL 
To move in this dii-ection, when Congress increased the National 
Science Foundation funds this year^ it imposed an almost equal de¬ 
crease in the funds allocated to other agencies. Tliis^ it seems to me, 
was unfortunate, for it caused disruption of cxisiting pmgrams and 
a net decrease in the amount of research in pmgress. In science—as 
in education—diversity is our most precious asseL No single agency 
with a particular policy, a particular program, a particular group 
of ndvisers, and u particular staff can possibly accommodate all the 
diverse needs of science. It is almost as bad as ttying to decree that 
all children should have U^e same father. 

So I suggest that in the iield of basic research we all have oji 
educational Job to do. We need to convince the public of the value 
of encouraging basic reiisearch. We need to convince both the execu¬ 
tive mid Icgisilative branches of tlie Government tliat all agenci^ con- 
oented witli science and technology should encourage and support 
basic rcasearch in their own laboratories and in universities; that the 
more agencies that ai*e doing it the moro effective and productive 
our program will be^ Uiat the dividends which will be repaid in aew 
tnowdedge, in additional scientists trained, and in mors scientists 
brought into contact with the Govemment will be worth a thousand 
tUne^ the investment. The divideml may indeed be the survival of 
the Nation, 

I.^t us BOW turn to some problems of applied research conducted 
by the Government—confining our attention to reseoj^ch carried out 
for military purposes by the Defense Department and the AJ5C. 

Applied research is in many ways a vety different animal from basic 
r^earch- It is true that the scientific training required is much the 
same and that quite similar techniques and equipment are involved. 
But the eastbound and westbound sections of a streamlined train 
look shniJar too. It^s just that tliey are not headed for the same place. 

Applied ivswirch is research aimed at a goal, i. e., a better or im- 
proved weapon, a new industrial product, a cure for a disease. Be¬ 
cause the goal is established or agreed upon (this is important of 
course!) it is possible to organke the attack on the problem, to assign 
a number of specific tasks or areas of investigation to different indi¬ 
viduals or groups. In contrast to basic research it is deeiiable in 
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applied research to take steps to avoid duplication—since for two 
groups to be assigned Ute problem of developing the same weapon is 
usually less efficient than for Oiem to combine forces. Also, since 
applied military research is usually necessarily secret, it is imi)ortant 
to establish coordinating mechanisms to avoid the waste of unknow¬ 
ingly re|>eating what another laboratory has done- 

For these and many other reasons it is important, when talking 
about government activities iii science, to distitiguish sharply be¬ 
tween pure and applied science, miat is good for one may not be 
good for tlie other* 

Now it is not surprising to note that the militaty scrvicea ^nd the 
AEG have developed not one but many patterns for carrying on 
applied research. A democracy never does anything in a uniJied or 
monolithic way. This is both our strength and our danger* Tlie 
strength is that diversity of approach and individuality are conducive 
to new ideas. The danger is that resources will bo scattered and in¬ 
effective, policies will be confused, and high priority tasks will be 
neglected. 

In applied research, as in basic research, it is not necessftrily cfGcient 
to have it all under a single management. But to an extent not de¬ 
sirable in basic research, applied military research must be under 
relatively few agencies, and they must be closely coordinated to avoid 
wasteful repetition- Thus, for eixample^ it is quite proper thut the 
direction of all militaiy developinent has n^t been consolidated under 
one ot£c8 in the Dopartment of Defense. But it is proper also that 
there has been created there one office to g^ve guidance and coordina¬ 
tion to aJ] the servi<» agencies. 

It is also not surprising to find the research pattern different in the 
tliree services—^nor is Uiis disturbing. Yet each service needs one office 
which gives rather dose attention to the supervision of the whole pro- 
gram of that service. Also each service needs an effective mechanism 
for keeping now developnients closely tied to plans—to rHiuirements— 
to logistics—to tactical development. This is probably the area in 
which tliere is greatest weakness. New weapons arc often produced 
in ignorance of tactical requirements; they are introduced without 
adequate study of llieir tactical possibilities, without adequate legist ii» 
and maintenance and training. Jlilitary plans, on the other hand, 
are sometimes drawn up without taking into account new weapons 
that wiU shortly to avallablo. There is, in short, inodequate atten¬ 
tion given to clarifying the goals of the military research program 
and making clear to eveiy agency its part and purpose in the program. 

There are many people aware of these shortcomings, and many in 
the militoiy establishment are trying to remedy them. It is not my 
task today—or any day—to tell them how to do the job. We certainly 
do wish them succca. 
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1 turn now to a discussion of the mechanisms by which inilitaiy 
research is carried out. These show great diversity, and this is both 
desirable and troublesome. 

Broadly speaking, military research may be carried on either In a 
govermnentowned and gOTerament-operuted laboratory, in a govom- 
ment-owned-oontractor'Opcrated laboratory, or in a contmctor- 
ownedHwntractor^perated facility. In true military style these are, 
1 understand, called respectively: oooo, ooco, and coco. 

Kxomplea of cow would bo the Naval Research Laboratory, the 
Army Ordnance Arsenals, the Fort Monmouth ijigtial Corps Ljibora- 
tories, the Naval Ordnance Test Station (Inyokem), the WrigUt- 
Patterson Air Base Laboratories, and many othotsL In each case the 
facility is under the oommand of a military officer, and there is 
normally a chief civilian scientist to whom varying degrees of 
responsibility for the technical program may be delegated. 

In the ooco class we have such laboratories as Los Alamos, Ai^otine, 
and, indeed, all the AFC laboratories, pins such facilities as the Jet 
Propulsion Laboratory, operated by the California Institute of Tech¬ 
nology, tlie Lincoln Laboratory operated by tlie Massachusetts Insti¬ 
tute of Technology, etc. In these laboratories the land, buildings, 
Olid equipment are owned by the Government However, after the 
^neral goals of the technical program have been agreed on jointly 
between the Government and the contractor, the contractor la given 
managerial responsibility for ail operations. For example, aU per¬ 
sonnel and other administrative policies are set by die contractor— 
normally to be in Line with those he employs in other operations. 

Finally, m the exajo cloas come the great mass of contractual projects 
m industries and iu universities. Some of these are small basic ro¬ 
se^ projects only remotely related to a militaiy problem. At the 
oijier e:xtreinD yast mdustrial pixtject^ for development of a now 
airplane, a new radar, or a guided missile. Then there arc establish¬ 
ments like this new Applied Physios Laboratoty, and the Band Cor¬ 
poration of Santa Monica, Calif., in which a privately owned facility 
IS wholly devoted to government work-in these cases to a broad pro¬ 
gram of applied research rather than to the development of a sinirle 
device. ^ 

Now it ia enough to dasmfy military research centers in this 
w ay.^ But it is not ea^' to draw any general conclusions from such a 
classification. It would bo simple if we could say ttiat all laboratories 
of one class were dismal failures while all of another were great 
successes. But in human affairs things are generally not so simple. 
We COD find examples of successful and productive centers of all three 
kinds. We can also find members of each class which, let us say, have 
not been oa productive as could be expected. 

STtnoo—lie —is 


184 JWNUAL REPORT SMITHSONIAN INSTTPUTION, 19B6 

The reason for this is not hard to find: te^arch success in either 
baaic or applied research is the product of good ideas; and ideas eannot 
be manufactured like automobilea on a production line. Ideas arise 
in tliB brains of indiridual people, and they arise under circumstances 
which no one—not oven the individual himself—fully understands. 
We do know how to increase the probability of new ideas arising—and 
therefore increase their frequency. Tliere are some simple rules for 
this: 

X. Find some well-trained people who have been successful b getting 
ideas in the past. 

2. Give them full inforaiation about the nature and importance of 
the problem being tackled. 

3. Keep them in close touch with each other and with others engaged 
in similar work in such a way as to allow the marimum interchange 
of ideas—for out of such interchange and stimulation are new ideas 
frequently bom. 

4. Provide these people with the facilities and the help which they 
need in developing and testing their ideas. 

3, Keep the environment, the atmosphere, and the administrative 
arrangements such that there is the maximum stimulation to imagina¬ 
tive thought processes and the minimum of interruption and 
frustration. 

Even these rules are not very aperific. They do not tell you how to 
find the right people, just how t^y are to bo thrown together, what 
facilities they will ne^, or juat what administrative arrangements 
proride marimum stimulation and minimum frustration. All these 
are delicate and subtle matters. They are also variable; a combina¬ 
tion that works in one set of circumstances with one get of people may 
not work with others. Arrangements which are most satisfactory 
during an all-out war may prove hopelessly unsuitable in time of 
peace. An organization which is operating beautifully under one 
director may sink into mediocrity or worse under another. A research 
team which has delivered an outstanding contribution in the form of 
one new weapon falls to pieces when that job has been done, and 
never quite ^clicks” on another. 

All these are, os 1 have said, subtle and dillicult problems. Their 
solution depends on the ability, the intuition, the adaptability, the 
Imagination of relatively few people, possibly of only one person, 
in each organization. One person who can judge people, who can 
sense and who cam set the spirit of the group, who can anticipate 
diEicnlties and avoid them, who can stimulate enthusiasm—such a 
person can make a successful team under almost any circnmstances. 
And whenever you find a highly successful group I suggest you seek 
the causes for its success not in the organization chart, not in the budget 
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book, not by counting unifonna or riuik, but by finding a man or a 
small group of men who have created the spirit of the place and who 
know how to preserve that spirit- 

Thera really haven’t been very many spectacularly productive ap¬ 
plied research Oignnizations—civilian or military—in this country. 
And the reason is just that so few men have been foiuid who have thjf 
inner feeling for the spirit of organized research. It ia aomethiug 
that cannot be advertised for, cannot be explained to Congress or 
to the Chiefs of Staff, But it is there, and it is very real, and it is 
vitally important tliat wo seek it out and e-xploit it to die fullest when 
it docs appear. 

If one keeps in mind the essentiality of this intangible “spirit” 
of a research organization, one can understand why there are so many 
arguments about the best way to “manage” military research. There 
arc in fact many ways to “manage” il^if die qiirit is there. Tliero is 
tta way to manage it if the spirit is absent From this point of view 
many of the familiar arguments fall into proper perspective. 

For example, tlie argument about whether it ia best in a labora¬ 
tory to have ii military or a civilian director misses the point A 
ffood military officer will clearly be better than an incompetent civilian 
and vice versa. The main advantage of a civilian—assuming equal 
competence—is the matter of e&tilinuify-—and continuity is very im¬ 
portant in maintaining spirit. xVIso one is more liiefy to find able, 
inspired rcsearcli directors among civilians, because many years of 
experience in rgse^cA is helpful in developing this innate feeling for 
its spirit. Experience in a fighting organizadon is not intended to 
develop this same characteristic. 

^ Again, the argunicnts about the relative merits of government ojicra- 
tion versus contractor operation now fall into pciapective. ITie 
Government can and does find and employ good civilians—and it has 
created some excclleut applied research centers. However, the diffi¬ 
culties are somewhat greater, A government civil service bureau 
geared to employ a million clerks and secrotaries may not be an efficient 
meclianism for employing a few hundred scientists. And a govern¬ 
ment financial system geared to a budget of 70 billion dollars a year 
may lack some of the flexibility needed for the rapidly changing needs 
of a research Inboratory, For these reasons the Government, when it 
delegates applied rcsesirch operations to a contractor, buys an impor¬ 
tant asset in additional flexibility of the administrafive, jjersonncl, 
“I'd financial policies which a contractor may supply. And this flexi¬ 
bility is, in turn, an attraction to good scientists—tlius increasing the 
probability of finding and maintaining high-quality leadersliip and 
performance. 
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W 0 must, however, keep in mind that tlwre are many types of 
so-called “research and development” enterprises under the military 
services, and each kind carries its own set of special circumstances, 
its own problems and restrictions. For esample, if a new fighter 
aircraft is needed the only possible mechanism to obtain it is through 
a development contract with an aircraft company. No one thints of 
any other scheme. On the other hand, if one needs a testing facility 
whose prime function is to tost and evaluate many different kinds of 
ordnance equipment, say, and to evaluate their military usefulness, 
then a mllitaiy estabUsliment would appear to be appropriate. For 
the wide range of activities in between thrae on the one hand, and the 
pure research projects on the other, there is a range of choice of 
metliods of operation. If one is starting from scratch he will, of 
course, if possible, choose a madvs eperandi which has the highest 
probability of success for that operation. The objective ninst always 
be to find*a mechanism which is appropriate to the task and which 
has the greatest probability of developing and encouraging tho ere- 
ativo spirit of research, and bringing that spirit to bear on the specific 
military problem at hand. An able team, ably led, wliich under¬ 
stands where it is going and wliy, will surely get therei. 

This brings me to a problem which I think neither scientiste nor 
the military agencies have solved, namely, the problem of trying, at 
every stage in the development and nee of new weapons, to bring 
together scientific and military experience. Every time an intensive 
effort has been made to do this in a particular area the results have 
been most fruitful—sometimes spectacularly so. I think of the 
Hartwell project, for example. But this shonld be a canHnw»i9 
process It seems to me that it is the responsibility of every scientist 
and engineer who is working in a laboratory devoted to military 
purposes to keep himself co.ntmnously informed of the NationV 
broad military problems and of the specific ones in Ijis area. If ho is 
working on a radar he should inform himself fully of the military 
situations in which it is to be or could be used. If lie is working on 
a missile he should know what it is for, what other equipment it will 
he used with, what military problems it is intended to solve, A 
weapon designed in the dark, no matter how technically clever it is, 
may be of little or no military utility. 

Conversely, of course, tlie military agenciee have a responsibility. 
A weapon dreamed up as desirable by a soldier who is without access 
to knowledge about technological possibilities may also be a dud—or 
at least less effective than it could be. The point is that military and 
scientific people should do their dreaming together. They should be 
continually exchanging ideas about defense problems, llie scientist 
may then hear of military situations he did not know existed—and 
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potonti&l aids to meeting them may come to mind. Similarly U» 
mllitaiy' officer, hearing about new weapon developments may see new 
possibilities for their tactical use or how they could be adapted to new 
^tuations. 

The idea that tlie function of the military is to tell the sclentiEte 
what weapons they need, and that the fanction of the scientists ia 
to deliver them without argument, is as obsolete os tJie idea that tlie 
scientist can toss new weapons at random at the militaty and that it is 
their job to find a use for tliem. 

We must face the fact that weapon development which will keep 
us ahead of our enemies is a tough buamess, and it requires the beat 
combined talents we can muster at all stages of the enterprise, AVe 
have no talent to waste on either the military or civilian sideL If mili¬ 
tary secrecy ia interfering with this intimate meeting of minds then 
secrecy is w orlring against national Eccurity, and it is time tliat 
iccurity considerations come first 

If I were to express a hope for the future of this liubomtoTy which 
we are dedicating here today, it would be tlmt, as it maintaina and 
develops the spirit of research that I have been talking about, it ahso 
becomes a meeting place where scientists and military men discuss 
broadly, intimately, and vigorously the problems of tlic military de¬ 
fense of this country. Out of such discussions will come, we can be 
sure, new and important concepts in the field of military weajions and 
their uses. Your bnsine^ and my business is not just a better device 
for this or that pur^; it is, rather, nothing leas than the Eafcty of 
this Nation. And it is your responsibility and mine—not someone 
else’s—to insure that each of us is making his most effective contribn- 
tion to that end. 
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The Development of Nuclear Power for 
Peaceful Purposes* 


By D. Smyth 

Princeton UnitferfstY 

Farmfrly Hftmher^ United Statet Atomic Energy 


The ^TEucruEE of modem indui^rial eociety depends on plentiful 
liuppliee of energy. There is never enough. We ate always seeking 
iiew eourcea. Yet w^e have not tapped the most generous aourc^ of 
energj* that nature has supplied to us—tlie winds, the tides, the rays 
of the sun. We have not yet learned how to harness these great nat¬ 
ural forces. 

Fifteen years ago a new natural force was discoTered, the Esslon 
of uranium. Within the first 2 months of 1039 the idea of uranium 
Hssion was suggested, oonimunicated, proved es^perimentally^ and pub¬ 
lished. Tlxe speed and importance of this discovery constitute one 
of the most spectacular events in tho histoiy of science. It involved 
men of many nations, free oommunication, high imagination, and 
precise escperimcnt. 

In a world at war, the potential \im of nuclear fisaion In bombs 
meant that vast sums of money were soon available for its exploitA- 
tion* In 1945, only 6 years later, an atomic bomb marked the end of 
the second World War. 

We are now engaged in an effort to harness this same atomic energy 
for peaceful purposes. It b n great effort and indeed ^outd be so, 
for success in it may materially change the lives and conditions of 
men. The accident of history hag placed tho major responsibility 
for thifl effort on the Grovemment of die United States. As its agent, 
tho Atomic Energy Cammission has brought together an array of 
scientific and engineering talent never before equaled^ Private in¬ 
dustry already id caitying a major share of our enterprise under 
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contract to the Grovermnent and ia now becoming moi« and mom 
active on Sts ow-n initiative. This is as it ahonid be. 

Those of U9 engaged in this effort believe we shall be succesafttl. Wo 
am so confident of success that we do not begrudge the years and the 
skill and the millions of dollars that are being spent to make available 
to man the kind of energy that heats the stars. But the road to suc¬ 
cess will bo a long one. Wo know that it will have many dead ends and 
wrong turnings and many dull and dreary stretches. The barriers to 
be surmounted or bypassed arc formidable. 

By now we think we know what these barriers am, what kinds of 
problems have to be solved if nuclear power is to be Bignificant in our 
economy. Wo should know th ese problems, for it is no w 15 years si nee 
nuclear fission was discovered, 10 years since the first large-scale 
nuclear reactor was started, and 5 years fiince the Atomic Energy 
Commission announced its first program of nuclear reactors aimed at 
power. Energy from nuclear powerplants will be just like energy 
from coal-burning powerplants. Eicept for special purpose, the 
sole criterion of compariaon will be cost. 

The problems of reactor development today are best explained in 
terms of those which faced the designers of the first grent reactors at 
Hanford. Thoy iiio so fundamental that they will continue to be of 
major importance oven though the emphasis may shift from time to 
time. Once I have defined the problems, I shall outline our present 
.state of knowledge and the next major steps we are planning for their 
solution 

THE GENERAL PROBLEMS OF A NUCLEAR POWER REACTOR 

Let me recall to you the three major facts of nuclear fission: First, 
that enormous amounts of energy are released; second, that the prod¬ 
ucts of fisaien are radioactive; and thirfl, that fission is caused by 
neutrons and results in tlie production of further nentrons, thereby 
making a chain reaction possible. 

These basic facts confront the deaignecs of reactors with a series of 
technical questions which can be grouped in five general areas. These 
general areas that have to be oonsidcred are, first of all, what we call 
neutron economy; second, the effects of nuclear radiation; third, heat 
transfer or removal; fourth, control and instrumentation; and fifth, 
chemical processing of fuel both before and after it goes into the 
reactor. Let me go into some detail about tliese five areas. 

tiEUraOK ECONDHT 

It is evident that the first requirement of a nuclear reactor is that the 
nuclear chain reaction shall occur. In otlier words, if a uranium 
□udeuB in a stmeturo containing uranium does undergo fissian, it must 
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produce neutrons in sulEcient quantity to causo othor nuclear figsione 
in the ridnity and to set up a Belf-propagating nuclear chain reactioiu 
Actually the number of neutrons produced by a single fission is not 
very large. On the average, for every neutron used up in producing 
a fission^ about 2^ new neutrons ate releasedp a net gain of 1% neutrans 
per fisdotL At first sight, thk would appear plenty to produce a 
miiltiplicadon of fissions. Unfortunately, from tiie point of view 
of neutron economy, all the neutrons produced in a single fission are 
not absorbed in uranium 235 to produce additional fissiotis. 

There are, in fact, four thin^ that can happen to the neutrons that 
are produced in the fission process. First of all, since neutrons era 
extremely penetrating, they may simply escape to the outside environ- 
ment A second way in which they disappear is by capture by ura¬ 
nium 238 without causing fii^on. A third pc^ihility is that they 
may be captured by impurities in the uranium or by the structural 
materials that have to be introduced for cooling or other pm'poses. 
The fourth possible process that can occur is, of course, the capture 
of neutrons by uranium 235 resulting in lission. If the fourth proc¬ 
ess produces more neutrons than are lost by the first three prooBBsea, 
the chain reaction occurs. Otherwise, it does not. Evidently, in a 
given arrangement the first three processes may have such a high 
probability that the extra neutrons created by fission wilt be insuffi¬ 
cient to keep the reaction going. 

One obvious way to reduce the probability of the escape of neutrone 
is to increase the amount of uranium present. ^Ilie more uranium 
there is, the more likely it is that the neutrons wiU be absorbed in it 
and cause fi^ion rather than escape. This leads, of course, to the 
concept of critical ma^ which Is familiar to many and which I will 
not discuss any further^ 

The second process we need to ndninnxe is the capture of neutrons 
by uranium without producing fission. There are several things that 
can be done to minimize this process. Two of them depend on the 
great effect which the speed of the neutrons has on tlie probability of 
thei r absorption in uranium 233. This probabil ity is reduced by u^ng 
a sloTTing-down materia], called a moderator, and arranging the ura¬ 
nium in a latticeL Another way to reduce nonfission capture by 
uranium is to eliminate part or all of the uranium 238 isotope, since it 
contributes very Httle to the fission pro^ss and docs absorb many 
neutrons. Of course, In the Hanford reactors, this was not desirable 
because one of the objectives of the Hanford reactors was to produce 
plutonium by absorption of neutirons in uranium 238- 

To reduce the third process, the nonfission capture of neutrons by 
impurities or structural materials, requires that the uranium itself bo 
vary highly purified in the first place and that structural materials ba 
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used u'Uich Imve a low capacity ior the absoqitioa of nautroos. This 
last oonaldei’atioa puts many restrictions in the path of the designer of 
a nuclear chain reactor. 

TOE EFFECTS OF KtrCLCAH HADlATIOM 

The eilects of nuclear rudlatioti have several aspects that the de¬ 
signer needs to keep in mind. Perhaps the most important one tech¬ 
nically is the fact tliat tire constant bombardment of structural ma¬ 
terials and of uranium itself causes changes in their properties. A 
piece of uranium^ a piece of steel or aluminum in a nuclear reactor is 
continually bombarded by neutrons, by gamma radiation, and to some 
extent by other nuclear radiations. The result of such bombardment 
may be a change of shape, an embrittlement, a change id thermal 
conductivily, or of almost auy other property of the material. The 
rate of corrosion of a material is adected by the piesence of nuclear 
radiation. 

Nuclear radiation is dangerous to health. Consequently, tlte Fvhole 
reactor structure must be surrounded by a shield wluch will not be 
penetrated by tlie neutrons and other radiation, liadiation is present 
not only while the reactor is running, but induces u lasting radioactiv¬ 
ity in the materials of the reactor. In particular, fuel elements In the 
reactor become highly radioactive, and when they are unloaded for 
dieniical ptooesdng, they have to be handled by remote control. It is 
unsafe for any persoimd to handle them directly. Similarly, main¬ 
tenance must be held to an absolute miniinum, and actual direct access 
of the operators to the heart of the reactor must be avoided. 

HEAT TOATUmt OB unovAt. 

The principal intercat in establishing a nuclear reaction is because 
the lission processes release such enormous amounts of energy, millions 
of times the amount of energy released in chemical reactions in corro- 
eponding amounts of material. To bo sure, the Hanford reactors 
were not designed for the purpose of producing energy but for the 
purpose of producing plutonium. Nevertheless, the production of 
large amounts of energy is inescapably associated with the liasioo 
process, and, Uierefore, the designers of the Hanfoitl reactors had to 
provide some means of nnnoving that energy. It was a sim pic r prob¬ 
lem for them than for the designers of a reactor Litended to produce 
energy. The Hanford designers had merely to get rid of the energy 
in some way, 

Th© designers of a iJOwer reactor must extract the energy in a form 
nhich can be put to use. Nevertlmlc^, many of the problems are tlie 
same. They differ fnan ordinary heat transfer problwns for reasons 
that have already been suggested, namely, that the choice of materials 
is limited by neutron economy, that corrosion effects may be enhanced 
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bj tbe radiation pre$eint, snd, finally^ that the replacement of parU 
h diSicult or impossibly because of the health dan^rs involved. In 
a power-producing reactor, the tempemture sliould be as high as possi¬ 
ble so that the heat energy removed can be converted eIBciently into 
useful power. Tliis is a real difficulty as we diall see hiter on and is 
one point whore the Hanford designers had a considerable advantage. 

coimoL 

When the first reactors were designed^ tho question of control waa 
a very critical one. No one knew very certainly whether it would be 
possible to pi'event tlie reactor from running iiway w^lth itself* 
do not want to have a reactor heat up to the point where it will melt 
and destroy itself* We wish to avoid thia for two reaiton^?: fir^t, wo 
do not wont to lose the renetor; and second, we do not want to spew^ 
radioactive material all over tho oountryaide. By noAv wo have liad 
enough experience to relieve our concern about essential difficulties of 
control. Wo are i>erfectly sure that we can build a reactor which wo 
can control. In fact, as T almll mention later, some types of reactor 
are self-control ling* There does remain, however, a problejn of con¬ 
venience, efficiency, and c03t in designing the proper controls to start, 
atop, or maintain at a desired operating level tho nuclear chain 
reaction* 

cnemcAL rnocEssinc of fitel 

Ideally, we would like to put into a nuclear reactor a certain amount 
of uranium and leave it there until all the uranium had been con¬ 
verted into heat energy" and fission products. If that were possible, 
we would be concerned witli chemical processing only in prepuring 
the fuel* Unfortunately, tlie difficulties both of neutron economy as 
affected by the growth of hssion products and of the corrosion or 
radiation damage of stiiictui^l materials or fuel elements make it quite 
out of the question to consiunB more than a fraction of a nuclear 
charge in any known design of reactor. After a certain length of 
time—and one of the problems in tlie design of reactors is to moke 
that lengtli of time as great as posible^it is necessary to remove tho 
fuel* It is too valuable to throw away, since it will probably still 
cont4Lin some OO percent or more of the fisaionable material, ^nse- 
quently, we liave to reprocess it chemically, separating out the fission 
products and refabricating the uninium into new fuel elements. This 
turns out to be one of tho most costly process in the whole business 
of o[jeruting a reactor for power. 

I believe it is possible tlmt the nuclear power industry will stand or 
fall economically depending on the success which chemisfa and chemi¬ 
cal engineer have m developing cheap processes for purifying and 
refabricating nuclear fuel. 
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THE HANFORD REACTORS 

I have been speaking of Uie general technical problems of reactor 
design. To be more concrete, let mo recall briefly m specific terms hove 
these problejns are met in tbo Hanford mictors. 

For nentron economy, the reactor is larger It uses graphite as a 
moderator, and the natural uranium fuel elements are arranged in 
a lattice. Both graphite and umnium are very highly puri fiod. Cool- 
ing channels and protecting coatings of the uranium fuel elements are 
aluminum of minimum duDensious. 

To shield operating personnel, the reactor is surrounded by heavy 
composite walls and all control and operations are from outside the 
shields. To reduce corrosion of the aluminum, the cooling water is 
purified and the temperatures held relatively low* To avoid corro¬ 
sion or distortion of the uranium, it is canned in alummum and not 
left in the reactor very long. 

Heat is removed by large volumes of Columbia Eiver water with 
relatively low exit temperature. The water is then held in retention 
basins before returning to tho riven 

Control is by neutron-absorbing rods that move in and out of the 
reactor* Tlie position of the rods is recorded at the control desk and 
varied by the operators or automatically in rcaponse to instruments. 

Chemical processing by a solvent extraction pi™esa is done in a 
separate plant to winch the fuel elements are transported in shielded 
railroad cars, with all operations remotely controlled. 

Fundamentally, it is tlio low exit temperature of the cooling water 
and the short life of the fuel elements that make this plant imprao* 
ticablo as a power source. 

BREEDING 

Uranium 235 is the iaotopo of uranium in which fission occurs most 
readily. Unfortunately, it is present in natural uranium only 1 part 
to 140. Natural uranium is none too plentiful, and to be able to 
use only seven-tenths of a percent of it is frustrating. Neutrons 
absorbed in the other uranium isotope, uranium 938, lead to the produc¬ 
tion of plutonium and plutonium is readily fissionable. This fact 
early suggested the pcKsibility that a reactor could simultaneously 
produce heat energy fram the uranium 235 in natural uranium, and 
produce plutonium from the nmniurn 238, and that then the plu¬ 
tonium could be used os fuel for further production of energy* It 
woH even suggested that tlio plutonium produced might be greater in 
quantity than the uranium 255 burned up. Such a process ig called 
a breeding process, since more fuel can be produced than would 
lie burned. 
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This is, of cout^ a verj fasdnatin)^ idea. It tumg out, however, 
that it may Dot be so very important whether actually more naaterial 
is produced than m bimied. It is obviously possible to produce some 
pIutoniuDi, since that is what the ITanford reactors are for, and it 
should be posaible to take that plutonium and use it as fuel for power 
rcactore. Whether tlie amount of plutonium produced is slightly 
Jess or slightly grisater than the amount of uranium 335 bunLed up is 
not very important We do, however, make a distinction in nomeii- 
cJature whereby we call a reactor that produces plutonium in smaller 
quantity than uranium burned a converter, and one where the quan¬ 
tity produced is greater than that of uranium burned a breeder^ In 
either case, it should be possible eventually to conveit the fission 
energy of Ixjth isotopes of uranium to useful iwwor. In the case of 
the converter, there would be some loss; in the case of the breeder, 
the losses in the reactor would be ^ro, but in cither oise there will be 
Josses in cbemical processing so that tlie difference is not very sig- 
nificanL llie difference, however, between using just the uranium 
2S5 and eventually using all the uranium in natural uranium is enor¬ 
mous and may well make the difference between an ample supply of 
nuclear fuel for many years to come and a rather scanty one^ 

Tine FIRST ATOMIC ENERGY COSOUSSION REACTOR PROCHAM 

When the Atomic Energy OommiBsion took over the plant and 
equipment of the Manhattan District in January 194T, the problems 
that I have been reviewitig were already dear. Although die Com- 
missiou'g first responsibility was to prosecute the atomic weapons pro¬ 
gram with vigor, it soon turned to the possibility of atomic power, 
both for special militaTy purposes and for ultimate peacetime uses. 
Early in 1949, Dr. Bacher, my predece^r as the scientific meuiber of 
the Commission, made a speech in which be outlined the ways in 
which the Commission was attacking the problems I have reviewed. 
Essentially, the program consisted of a plan to build four major re¬ 
actors. Let me describo three of these that have beeu finishod at our 
Idaho Test Site and explain why they were built. 

The first, of them was the eo-called materials-testing reactor, MTR. 
It was aimed primarily at getting information on the effects of radia¬ 
tion on nraninm fuel elementa or oilier materials that might be used 
as tubcfi for cooling water, or os coolants, or containers for uranium 
fuel elements. The object of tiiis reactor then was to provide very 
high intensity radiation in a machine so designed that many experi¬ 
mental samples could be placed in ih It has now been running for 
about S years, and it has in fact proved exceedingly useful. Inci¬ 
dentally, it was a novel kind of reactor and therefore was in itself 
a step toward the development of new types of reactors. 
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Tlia second reactor built at Idaho was the so-called exiieriinenta] 
breeder I'eactor, EJiR, As the name implied it was speciheaUy aimed 
at demonstrating whether or not breeding was possible- It haa dem- 
onatmted that breeding is iKMsgible and hsia bad a number of other 
incidental interring remilta. 

Thfi third reactor wjis a si>ccial'piirpose one aimed at providing 
power for a sobmarme^ You have heard a great deal about that one 
and about the Bubmarine in which a similar reactor is now being 
installed. 

In all three of these reactors, the neutron economy problem was 
solved by using uranium from which much of tlie uranium 238 isotope 
haa bcN^n extracted. WTietlier or not, in the long run, this is tlie kind 
of reactor we will build for power puqXMffiS will be largely a question 
of economics^ Personally, 1 doubt it, but 1 do not doubt the wisilom 
of having built these tliree reactors and the value of the results we 
have obtained from them. 

A more modeat undertaking initiated later is the homogeneous- 
reactor experiment at Oak Ridge. From the atomic point of view, 
the homogeneous reactor is misnamed. In reality, one can think of it 
as a lattice wliere the spacing is very small and the siae of the fuel 
elements is of atomic dimengion. To put it more simply, and in more 
familar terms, tlic homogeneous reactor is a solution of uranyl sulphate 
in water. The w ater serves as tlie moderator, and tl^e urany 1-sulphate 
molecules sen^e as the fuel elements in nvhlch tlie chain reaction 
is set up. 

The immediate and obvious advantage of the homogeneoiis reactor is 
that fuel fabrication and processing is enormously simplified. The 
solution is pumped continuously tlirough the reactor chamber and then 
cooled in outside heat exchanger^ and some of it can be continually 
bled oil for purification and then reintroduced into the circulating 
stream of coiubincd ftjcl and moderator. One of the interesting fea¬ 
tures of the homogeneous reactor is that it turns out to bo self-regulat- 
ing. As tlm temporaturo of the reactor rises, its reactivity decreases 
and therefore it controls itself. One diCicuJty that was anticipated in 
the honiogeneous reactor was that the water itself would be dissociated 
by the radiation. This docs occur, but it has boon found p<^ib]e to re¬ 
combine the hydrogen and oxygen formed without too great difficulty. 

In addition to the remits obtained w'itli the tliree reactors I !mve 
been discussing, and the homogeneous-reactor experiment, tliere has, of 
course, been an extenrive program of study of tli© various associated 
problems in the laboratory. These range from fundamental studies of 
what causes radiation damage, or of the absorption probabilities of 
various materials for neutrons of various energies, to component testtitg 
in heat loops, and experimental fabrication of fuel elements. Some of 
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these Studies USB thfl Tarious !ow-power research reactors that have 
been built. 

One of the most interesting experiments thatha?F been done was car¬ 
ried out last Bummer at the Idaho Test Site by Dr. Zinn, director of our 
Argonne Laboratory, and his associates. We had long worried ahoiit 
what would happen to n water-cooled rt'actor if the flow of water 
should bfl cut off* We were afraid that if the water supply wa® cut off 
or if the temperature of the reactor rose too rapidly bolting would occur 
and that this might have disiistrous results. Dr. Zinn decided to make 
a direct approach to this problem and built a small reactor with the 
dcHberate intention of producing boiling. When it was E?et up at the 
Idaho testing station^ it had an arrangemejit in it which suddenly 
ejected tha control rods so that the power geuemted by the chain reac¬ 
tion went up in a fraction of a second from a few watts to many thou¬ 
sands of w'atts. This hnd tho expected effect on the water. It boiled. 
It boiled so violently in fact that it was ejected from the reactor in a 
small geyser. Eopontod trials showed that in every ca^e the boiling 
reduced the power of the reactor so rapidly that no serious damage was 
done- 

This particular eorperiment illustrates very well the reasons for 
choosing an isolated area as a site for experimental rectors. It was 
not only that some of the reactors might be inliercully dangerous, but 
it was felt that an experimental reactor, one built primarily for the 
purpose of obtaining information^ should be operated tooitrcmcsT aud 
that it was desirable to have such reactors in an isolated location for 
that reason- In other words, if you want to get ns much information 
as you can out of a reactor, you need to push it to tha point where it 
might conceivably run into tioublc. 

RESULTS OF THE PAST FIVE YEAJIS AND PRESENT STATUS OF THE ART 

fjot me summarize some of the major results that we have obtained 
in the past S years either directly from the reactors we have built and 
operated or from laboratory work. I will take them in terms of the 
five general areas that I enmnernted at the start. So far as neutron 
economy is concerned wc have learned a great deal abont the prob¬ 
abilities of various nuclear cventa, including the relationship between 
the probability of fission nnd the energy of the neutrons. (This, for 
example, was tested in the experimental breeder reactor*) Wc have 
found that we can use a number of different substances as moderators^ 
specifically [jeo'llium, light water, and heavy water in addition to the 
familiar graphite. 

As to the effects of radiation, the hfTR has, of couree, been of the 
greatest value os one might expect, since it was designed for that 
purpose. But we also have tl^e benefit of studying the fuel elements 
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that have bean in the EBR and in the Bubmarine thermal reactor. 
These, toOj have been valuable. We have a great variety of alloys 
and have tested various fuel elements. In particular^ the submarine 
thermal t^ctor has sho^Ti that fuel elements sheatlied in zu‘Coniuai 
will resist corrosloti and radiation efTecta over eonsidenible lengths of 
time and represent a great improvement over the alnmi niim-sheathed 
fuel elements in tlie Hanford reactors. Radiation effocts have also 
been studied in a variety of coolants ineluding sodium and heavy 
water. 

In the matter of heat transfer we have found we can remove the heat 
from a reactor by circulating molten sodium-potassium alloy through 
iti This is the ^stem of Heat removal used in the EBE, We have 
also done a great deal of worh on pure sodium as a possible coolant 
and are using it in the Kcond type of Bubmarine reactor now under 
construction* We Imve also found that we can use a cooling system 
of pressurized water* This is the system used in the submarine 
thermal reactor* We have run reactors at much higher temperatunis 
than wo were ever able to run thorn at Hanford, mad, therefore, we 
have moved in the direction of efficient use of the energy from nuclear 
fission. 

As to control and instrumentation, the most striking results liave 
been those already mentioned where we have found that certain types 
of reactors are in fact self-regulating os a result of boiling or near 
boiling as the temperature rises. The only other result 1 will mention 
is the use of hafnium as a material for control rotls. Hafnium is 
present as an impurity in riroonium and has to bo removed before 
zirconinm cladding can be used for fuel elements because it absorbs 
neutrons. For the same reason it is very useful as a control materiaL 

In tJie matter of chemical procesEing, perhaps it is fair to say that 
most of the work has been accomplished in the laboratory, although 
we have had experience with actual processing of the various types of 
fuel elements in the new reactors, none of which is exactly like tho^ 
at Hanford. We have also proved tliat the homogeneous reactor will 
work, at least on a small scale, and we therefore know tliat that ia 
one direction in which to hope for improvement* 

Tn the matter of costs, we atiD have much work to do. None of the 
reactors we have actually put up is cheap, either to build or to operate* 
The submarine thermal reactor probably costa somewhere around 
$1^00 or $2,000 per kilowatt to builds which is to be compared with 
the oast of a modem steam pinnt^-somewhere around $180 per 
kilowatt* But the submarine thermal reactor doss prove one over-all 
major result, namely, that it is possible to build a reactor for the 
production of power that trill run continuously and efficiently for at 
least reasonably Ion g times* 
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QUESTIONS STILL TO BE ANSWERED 

The fujidam^ntaJ question still to be answered is whether a power- 
producing uranium reactor can bo built which will compete with other 
sources of energy. The answer to that question will be found in the 
choice of some one of the kinds of reactors we have already built or 
thought about None of them has yet been proved to be tJio ideal or 
even the beat choice, The homogeneous reactor^ for example, does 
simplify chemical processing, but it requires enriched fuel and it is 
not yet certa in that the corrosion problems can ho solved. Tli e breeder 
has not yet been proved on any largo scale so that we do not know 
at all how espensivo that may be. The submarine thermal reactor 
uses such expensive materials for cladding the fuel elements that it 
is aJmost certainly not oompotitivej even though we may be able to 
produce zirconium at lower and lower costa. It also uses enriched 
materia!. And so it goes all through the list. 

PROPOSED FIVE-YEAR PROGRAM 

In tlie past few months we have been reviewing the results that we 
have obtained up to the present time and planning what would be best 
to do over the next few years in order to arrive at an economical solu¬ 
tion of the problem of nuclear power. Wo have decided that there 
are six programs that we should pursue^. One of these is the general 
program that we must obviously continue, the program of rt?search on 
fundamental properties of materials, on nuclear reactions, on coinpo- 
Dents that might go into the reactors of the future, and on chemical 
processes- This work will be continued principally in our Argon no 
and Oak Bidg« laboratories. In addition to this general research 
and development work, we wish to build Jive reactors of varjdng size 
and cost. The ConimiEsion has recently submitted to the Joint Com¬ 
mittee on Atomic Energy a special report on the reactor program 
prepared ot the request of tlie Committee, 

The first of those reactors in our new program has already been 
publicly announced. It is the so-called PWH reactor which is de¬ 
signed to generate at least 60,000 kilowatts of electric power. It will 
i^ slightly enriched uranium os fuel, ordinary water as n moderator 
and coolant. The reactor will be operated under rea^uably high 
pressure and temperaturc^not nearly so high as are used in modern 
steam plants, but as high as we feel to be safe in tertus of our present 
knowl^ge. Specifically, the water in the reactor wQl be under 
S^OOO pounds per square inch pressure and at a teniperature between 
500^ and 600® F- Steam will be delivered to the turbine at about 600 
pounds par square inefu The temperature is limited by the corrosion 
of the fuel elements and piping and container, and the pressure is 
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limited by the stren;^ and sizo of the viessel in which the reactor 
must be contained- One of the didicnlt problems in this reactor will 
be that of getting control incchanisnis to operate in a high-pressure 
vessel. Principally, we hope to learn from this reactor how such a 
plant may stand up under ordinary operating conditions of a central- 
station electric powerplant and how much it coats to build and operate 
it- We have no expectation that this reactor will produce power as 
cheaply as a modem coal-burning plant, hut we hope to learn how 
coats can be cut in later plants. 

The second new reactor which we wish to build ia a breeder of 
intermediate size. It will not be of direct intereat from the point 
of view of oeonomio power, but it will be much larger and much more 
nearly a power-producing, continuously-operating reactor tlmn the 
small e3q>erim€nt we have been running out in Idaho. The scale-up 
planned is from 1,400 to 62,5fK> kilowatts of heat, and from 170 to 
15,000 kilowatts of electric power. Temperatures and steam pre^nre 
will be increased to values appropriate to a full-scale power breeder 
reactor. Auxiliaries such as pumps, heat eschangerai, valves, etc., 
will be of sizes suitable to a full-scale reactor. 

Our tliird step is based on the boiling experiment that I have 
already described. It will be an attempt on an intermediate scale 
actually to boiling of the water as a method of heat extraction. 
We hope in this way to get a very cheap method of getting tine heat 
out of the reactor and possibly of eliminating one step between the 
coolant in the reactor and the turbines which turn the generator. It 
Is planned to feed tlie steam gencratetl in tlie reactor directly to the 
turbines. Present plans call for 20,000 kilowatts of heat and 5,000 
kilowatts of electric power. 

The fourtli reactor which we intend to build is a larger version 
of the homogeneous reactor. Again, it wrill be a step in the direction 
of a practical power-producing unit and should give us information 
about corrosion, chemical processing, and operating conditions that 
cannot be obtained with the small machine now in use at Oak Eidge. 
Present specifications call for only 3,000 kilowatts of heat in this re¬ 
actor experiment compared to 1,000 in the present esi>eriment. The 
next stept already planne<l, calls for 05,000 kilowatts of heat in a 
homogenoouB reactor which will breed unmium 233 in a blanket of 
thorium surrounding the chain reacting core. 

The Tifth reactor experiment which we plan to build is a little ditTer- 
ent from any that I have described. I have mentioned that the breeder 
reactor ueea sodium-potasaium alloy as a ooolauL The Hanford re¬ 
actors use graphlto as a moderator. We hope to be able to combine 
these two materials, getting the advantage of high temperature with¬ 
out high pressure from the ^ium coolant. To test this oombinatioTW 
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we will build a reactor generatiog about 20,000 kUowatts of heat but 
without anj electric generating plant attached. 

In addition to these new proposals;, we shall continue eevera! other 
programs already under way. Tliese include the so-called inter¬ 
mediate subnmrihc reactor now under construction at West Milton^ 
N. near Schenectady, and the development of a reactor to propel 
aircraft. Though the aims of boUi of llicse projects are apecSal^ they 
will undoubtedly contribute to tJio general tcdmology. 

COSTS 

It ia evident Chat w*e can btuld powerplante which wiU convert the 
energy released in nuclear Cission into electrical energy to be fed into 
crananussion lines. The question tlmt has not been answered and 
may not be conclusively answered even by the program I have out¬ 
lined is whether this power can be produced clieaply enough to be of 
general use. The Atomic Energy Commission believes that it can be 
done and tide is the opinion also of the several private industrial groups 
that liave been studymg the problem for several years at tho invLtaliou 
of (ho Commission. At present, tlio power delivered by the submarine 
reactor at our Idaho plant costs about ten tim^ as much as it would 
if wo bought it fix>m the Idalio Power Company. From this figure 
you can see tlmt it will mpdre all the ingenuity of our staffs our con¬ 
tractors, and private industry working together to get costs down, 
but it is reasonable to assume that eventually this will be done. 

INDUSTRIAL PARTiarATXOK 

These private industrial groups I !mve mentioned are interested in 
more than Just cost studies, Tliey have assigned able members of 
their staffs to design studies of nuclear powerplants and in some coses 
are doing considerable amounts of research at their own ejcpeuso. 
But it is a mistake to tliink that private industry can or will pick up 
the burden of development of nuclear powerplants in the present 
state of tlie art. It is a field in which knowledge and competence are 
stiU largely confined to government laboratories and in wliieh the 
financial risks are still too great for private industry to carry alon& 

The Commission hopes for greater and greater participation by in¬ 
dustry both technically and financially and for a gradual ttunsfer of 
tlio nuclear power i)flrt of the Commission’s responsibilities to private 
enterprise. The many problems of such a transfer ana too tiumerous 
for discussion here^ Personally, I feel they ate just about os difficult 
as the technical problems of getting cheap nuclear power. Time, 
money, and tliought will be nooded for both sets of problems. I be¬ 
lieve they can be soTvod. 
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CONCLUSION 

To ostablisli a nuclear power industry in thia country will be a great 
adueTcment. If power becomes cheaper and more plentiful, our ma¬ 
teria] standard of liring will be raised In other countries the effect 
may be even greater. By the accident of history the first usa of this 
gi^at new discoreiy has been in the deTelopment of weapons of war, 
weapons of appalling magnitude. Tlie nations of the world have to¬ 
day Uie means to destroy each other. They also have, in this same 
nuclear energy, a new resource which could be used to lift the heavy 
burdens of hunger and poverty that heep masses of men in bondage 
to ignorance and fear. Toward tliis peaceful development of nuclear 
power we have, ail of ns, a high obligation to work with all the in¬ 
genuity and purpose wo pcksscss. 


Reprints of the various articles in this Report may be obtained, os long as 
die supply Iflsta, on request addressed to the Editorial and Publications 
Division, Smitbsoaian luatltiition, Washington 25, D. C 





The Time Scale of Our Universe' 
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INTRODLlCTION AND mSTORY 

Tub ATm^GB eciEWTiffr of half a -cfiDtury ago did not ponder much 
the question of the beginning and age of the aniTorse. For lack of 
observational approach this problem remained outside the realm of 
exact science. It ’waa generallj felt that the tmiTerse should have 
neither beginning nor end^ a Tiewpoint Tshich was more mHuenced by 
opposition to former mythological or roligiouB ideas of cfeation tlian 
by impartial reasoning. 

Indeed, the second law of thermodynamics was well established at 
that time. According to this law, tiie universe is steadily running 
down toward equalization of the energy content of its partsL The 
ultimate state is that of universally constant temperature, ^Wiinnetod’' 
or thermal death, where, in the absence of temperature diJTercnces, no 
exchange of energy, no relative motion except tliat of molecules could 
take place. Organic life, the metabolism of whidi consists in ex¬ 
change of energy, could uot exist then, oven were the tempernturo 
favorable for life—which, in all pTobability, it would not be. The 
mere fact that temperature differences exist, that sun^dime and planets 
carry life in the face of the immensities of cold space (into which heat 
energy is lost in the form of radiation), would poi nt to the yonthf ulneaa 
of our world, to a beginning a finite interval of time ago. 

Scientists of the beginning of this century preferred to ignore thL^? 
writing on the wall. There were some reasons or, rather, pretexts 
which seemed to justify this eluding of the fundamental problem. 
Tlio second law of thermodynamics, or that of increasing “entropy,’^ 
determines only the direction, not t!io speed with which cquaUzation 
ie approached. The flpcctl, depending on a number of unknown 

* Armngb ObBerratory LfToficl Na. 36. Eeprlutcd, irUli BCme revlsLoo ai of 
July lOSSu l>r penal tisJiin from the Iriab Ai^tre^nomfeaJ Joumnl* poI. ^ Na 4, 
Dceeiuber 1054, 
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processes, being itself unkpown, no definite caleulations of tlie time 
intervals involved could be made. 

When going hack in time, the second law lea^ls to ever-increasing 
energy concentrations in the past; an unTiniitcd past would lead to 
infinite energy concentrations, a concept which is physically unaccept¬ 
able* Certainly some uneasiness was felt in this respect by those who 
did not want to draw the logical conclusion of ft finite age for the 
present universe, nut,^ then, thcro wa3 Slaxwdl^a demon, an imagi¬ 
nary intelligent being who conld^ at will, regulate molecular processes 
and thus do away with the law of entropy. This sufficed to show that 
the law is not absolute, Tlie law is only of a statistical nature, c^Ecep- 
tions being always possible nlthotigh more or less improbable* Fur¬ 
ther, its validity for unlimited intervals of space and time was ques¬ 
tioned- A perhaps not very justifiable complacency about the begin¬ 
nings and ends of the world was thus sustained. 

During tl^e second quarter of this century a great change in the 
scientific outlook in this mpect took place* "Hie recession of the 
eadragalactic nebtjlae^ coupled with the finite nge of the radioactive 
elements, suggested that there was a beginning a few thousand million 
years ago, the same for tlie galaxies and for the atomic material of 
which our planet is built. Following the alx>vie-mentioned phenomena 
back in time, moments could be reached beyond ivhich the recession 
of nebulae and the decay of radioactive isotopes could not continue in 
the same manner as they do now. Tho two tima limits were not found 
to hi*, equal although they were of the same o-rder of magnitudes hut, 
within the uncertainties of theory and observation, they could br 
adjusted to each other. The idea of a finite age for the universe 
emerged. A stage, some SsOOO million years ago, was visualised at 
which tht^ universe was closely packed togafhor, when the temperature 
and density were high enough to invert the radioactive proccssos and 
to cause the building up of the heavy unstable isotopes at a rate equal 
to, or faster than, their total rate of decay (spontaneous+induced) 
in f hr?ie ronditiona 

One view considered this stage merely the remotest, phase of evolU' 
tion of onr world, beyond which extrapolation from the present state 
is not possible* It was not meant to be necessarily an ah^liite begin¬ 
ning—more likely it was not* The concept of age ia thus reduced to 
tliat of a time Bcale, or a time interval during which the propertieg of 
the universe have radically changed* This definition appears to he 
somevrhat vague; but it would imply nothing short of a complete ab- 
rence, at the early staere, of all the dassea of celestial bodies which arc 
familiar to us now, Tn such a form the definition is stringont enough. 
Therefore, even if we could assign an upper limit of age to all exiEtinir 
stars, this would be only a subordinate time scale—that of stellar ovo- 
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lution—unless wc could prove tte total absence of any stars before 
that date, and not only of those existing at present. 

A more drastic view preferred the concept of an absolute beginning, 
perhaps ideutiliabte with an act of creation. The detinition of the 
time scale remained the same as before, but additional meaning was 
attached to it as that of tlie absolute age of tbs universe. The initial 
stage, a singularity from which the universe started expanding, was 
the limit of extrapolation not only from the pi-esent, hut from any 
state of the universe, however close to the initial stage. 

Tlie diHertnce be tween the two viewpoints is a matter of principle, 
and not of how the initial state of Uie universe is pictured. Although 
Eddington's primeml nebula, assumed to Imve preceded the present 
expanding state of tins universe, could have eiisted indBlkdtely, it 
could equally weU have been the fii^ created object, called into being 
in a x>ecu]iar state of almost exact equilibriunL between gravitational 
attraction and the hypothetical force of cosmic repulsion. On tlie 
other hand, Lemaitre'e primeval atom, '^the egg from which the uni¬ 
verse hatched,'’ is most simply interpreted as the result of an act of 
creation; yet it could also have been die final outcome of collapse of 
a previouE universe, oscillating indelinitely in alternating expansion 
and contractiom The choice between the two, continuous exisbencs 
or creation, will remain a matter for esthetic judgment, not for positive 
science defilled as theory verified fay observation. 

There is no proof in purely esthetic matters. Tliia does not mean 
that esthetic methods of approach to scientific problems are worthless. 
On the contrary, scientJfiCi theories are created by intuition, or by on 
esseutially esthetic process. However, without the flesh and bona of 
experiment such theories remain mere eJiadows of p<^hilities. 

To remain on solid ground, in the following we will pay little atten¬ 
tion to esthetic condderations, however important these might appear 
from tlio standpoint of philosophy or religioiL We will, f urtlier, be 
guided by the principle of minimum hypothesis, or economy of 
thought, whicJi requires that new laws of nature must not be used for 
the explanation of phenomena which can be accounted for by known 
laws. This is u safeguard against becoming lost in the blind alleys 
of guess work. Tiie chances are small that a theory not supported by 
facts would prove to be correct. 

As already mentioned, tlie fundamental fact reviuiring a short time 
scale w^os, and remains, tiie red shift of the extrogoJactic nebulac- 
With the existing laws of nature this phenomenon is explained in the 
most straightforward way as recession. ITiere are yet no facts known 
which would contradict this explanation* The IIubble-Huniason 
law (1923) of proportionality of the red shift, or vdocily of recession 
to distance, led to a time scale for the universe equal to a few thousand 
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roiliioii years. The uticertainty of the estimate depended upon huw 
the rote of expansion of the universe, os reTuaJed by receBsiort, was 
assumed to vary with time. Kevertheleagi, various models of the ex¬ 
panding universe, based on difTercnt assumptions (de Sitter, Einstein, 
Friedmonn, LeniaStre, Eddington), gave figures within the same order 
of magnitude for the time of rapid change. 

The new ^aliort^’ time scale of some 3,000 miliion years was like 
a bombshell amidst tlie complacent “permanentists.” At that time 
the pundits as well as tbe rank and tile accepted a thousand times 
longer time scale for the stellar content of our galaxy atone, no men¬ 
tion being made of the universe as a whole. This ‘‘long'* time scale, 
a multiple of a million million years, was mainly the outcome of 
mathematical investigations by jeans into the statistics of stellar 
motions and the distribution of tbe orbits of double stars. Jeans 
assumed a state of “statistical equilibrium,” or that the present 
motions of tlie stars are essentially influenced by their mutual gravi¬ 
tational action in past close encounters. A close encounter would 
moan the passage of another star through our planetary system at 
a distance—say, between Mercury and Neptune. Such a passage 
would leave both suns physically intact (altliougb its efleet on plaue- 
toiy orbits might be disastrous), yet their motions would be changed 
in mttdi the same manner as those of two gas molecules after an elastic 
collision. Jeans actually applied the kinetic theory of gnees to the 
stellar nnivetse. Because of the great distances separating individual 
stars, close encounters can happen only about once in several million 
million years, a figure whicii can be arrived at by elementary calcula¬ 
tion if the averoge velocity and distance between the stars is known. 
The “^lotig^- time scale was thus not a result of Jeans’ elaborate math¬ 
ematical theories, which were undoubtedly correct, but follow merely 
from his basic assumption of statistical equilibrium, implying that 
each star during its lifetime bad a fair chance of undergoing several 
close encounters with other stars. In trying to prove his basic assump¬ 
tion, Jeans selected only certain statistical data which, superficially, 
seemed to agree with it, and, strangely enough, overlooked numerous 
more important criteria which contradicted his assumption. Thus, 
while carefully considering the effects of encounters on close binary 
stars, he disre^ided the wide pairs and star clusters upon which the 
effects, according to lus o^vn theory, should have been thousands of 
times stronger. Indeed, w ith the long time scale these objects should 
have ceased to exist tong ago, in contradiction to observation which 
reveals numberless wide double stars and loosely bound clusters in 
the sky. The evidence against statistical, “gas-kinetic” equilibrium 
is overwhetuiing, and there is no foundation whatever for the “long^’ 
time scale in our stellar universe. The battle of “abort” versus “long” 
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fimft scale is definitely "won by the former^ althoogh the latter did 
not yield without a struggle. 

In the couree of the controvert, aTgumtnts based on subordinate 
time scales were produced. Tbe^ subordinate time scales—of the 
earth, the radioaettve elements, stellar evolution, stability of binaries 
and star clusters—all fell below a not too large multiple of one thou¬ 
sand million years; aa^ rooreoTcr, some were obvious overestimates, 
they were considered as supporting the short time scale of the universe 
itself. An early, apparently the first, synoptic account of the evidence 
telatiug to the flge of the universe concludes as folloiiTs (1) *: *‘the 
combined evidence presented by meteorites, by statistical data relating 
to wide double stars, by the distribution of stellar luminosities in 
globular clusters , . . , and by tlie observed recession of spiral 
nebulae , . . points to an age of the stellar universe of the amie 
order of magnitude as the currently accepted age of the solar system: 
not much more than 3,000 million years.*’ In this account stress was 
laid on radioactive age determinations of meteorites by Paneth (whose 
results were later greatly changed), and on the abundance of lend 
isotopes in the earth’s crust os testifying to the ags of tlie radioactivo 
elements (results which have been corroborated since). Subsequent 
synoptic reviewB invariably arrived at practically similar concluslona, 
formulated sometimes more, sometimes less cautiously, although, with 


the changing aspect of our knowledge end different personal approach, 
the emphasis was on different phenomena: radioactivity and the age 
of the earth, and stellar evolution with a hydrogen-helium source 
of energy (3); galactic dynamics (3) j the stability of star clusters 
aud binaries (4, 6); the red shift of nebulae and the radioactive age 


of the earth’s crust (3). 

The survival of the idea of the short time scale over two decades of 
intense astronomical and physical research is in Itself a measure of ita 
worth; it servea now as a generally accepted working basis in widely 
different fieida of study. 

In the follo^i'ing an attempt is made to draw nti up-to-date bafanco 
for the problem of tlve time scale or ago of the universe. 


Tlffi AGE OF TtlE EARTH 


The continental shields of northeastern Europe, Connda, South and 
Central Africa, and others, where mountain building ceased at an 
early ago of our planet’s history, represent the oldest undisturbed 
portions of the earth’s crust. All these regions are lowlands or pla¬ 
teaus devoid of mountain chains, and are free from earthquakes which 
are the si gn of continuing upheavals. The age of these old forinatioiis 

*Ntimbcnt iB porenlhesew are teferencM to the titemtare cited at of test. 
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is esrpectcd to come nearest to that of the earths cnjst or the earth 
itself. 

The most suitable method of age determination of rocks consists 
in a comparison of the abu!idance of Tadjoactive isotopes^ siich as 
those of uranium, with the abundance of their end products, e* 
lead isotopes. Pure minerals m the form of crystals are chosen for 
samples^ there must be a guaranty that no e^ehango of substance 
between the sample and its surroundings hoa taken place, in which 
respect only individual crystal can bo conridered as reliable. Know¬ 
ing the rate of decay of the radioactive gubatance, the time during 
which decay has been going on can be calculated from the amount of 
end product accumulated. The determinations are accurate to within 
8 to 10 percent, much more accurate than the other astrophysi^^l age 
estimates referred to below, 

Radioactive iige detormiuations yielded, indeed, high values for 
some minenil samples from the shields. Pegmatites from northern 
Karelia, in the s(M:slIed Baltic shield, gave an average age of 1,950 
miliion years according to the lead methodp but without isotope anal* 
ygis (7). In the Canadian shield, lead isotope determinations for 
pegmatites from souLbeastem Manitoha r^ulted in an average age of 
2,100 million years (8); for the same an avarage of 2,240 million 
years was derived by tlte radioactive rubidium-strontium method (T), 
in good agreement with the former value. At that remote epoch, un¬ 
like the present conditions, volcanic activity was prominent in the 
Canadian shield. The Manitoba pegmatites are assexnatod with 
granitic intnisiouB into older rocks whldi reveal traces of a long pre¬ 
vious geological history, and w^hosa age can be estimated at 2,550 
million years (12,22). Recent very consistent lead-isotope age deter¬ 
minations (9) have yielded still higher values of age for some samples 
from the continental ahields: 


LOOAIJTT OV AQE 

a/ 

iTJftulL, Greenl&Md____ , _ ___ _1,330 

Yellowknife Aira, N. Wp T.^ ronadA-^^^_______ _ 2^X40 

EQrwshoe iRlandni Great 3Lave Cniiadft_w^^______2,130 

PtLCH^olx Mine, NDnseuiaii^ Wl^ AD9i;ira1la„_—______2; 100 

BorderUae SUDOp Buala, K- Province, ___ _ 2,220 

RlBkM MLdjp^ Kenjn___________2^220 

OopperlieiiO ailne, W, AqetrAUi_______2,300 

In^ladliAlf India----- - - - 2^300 

SJoux Locikout, OniAiio____________ _ __ 2 3i0 

Steel Hock Leke, Ontnrlfl^-.____ _ __ __2^ 360 

nwtetta Mine, Afrirfi _________ 2,850 

Sierra Leone^ Br. W. Afiisn (13>_______ H-fiart 


Pegmatites from tli« Rhodesiao shield, near Bulawayo, yield an 
ago of 2,640 million years {10), yet the surrounding rwks—Bedimente 
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and lavna—are stiU older; and, what ia more remarkable, remains of 
primitiTe plants—algal stnictures—are found there in graphitic litne- 
stone (Macgregor 1040, 1041). This provides “indubitable evidence 
that life has csisted for at least S,€O0 million years and probably for 
conBidenibly longer than 2,TOO million years” (10). Similarly, signs 
of organic renuiins ore citlier found or strongly suspected in the rocks 
Qf T jt lfg Superior and Manitoba, which are 2,000 lo 2,500 million years 
old (11,12). 

Thus, direct measurements set the minimum age of the earth’s crust 
at 2,1)00 million years, the oldest specimens being found in Africa. 
This confirms also a long^maiiitAined belief tliat Africa was the first 
contineat to be formed. 

It is hut natural to expect tlmt the oldest rocks have not yet found 
their way into nton^s laboratories, and that the age of tiie earth s 
crust is greater than the presently known oldest sample. 

An ingenious method, based on data for rocks of widely difterent 
ages from 25 to 1,330 million years as determined by ^ler, led Holmes 

(14) to the calculation of tlie true age of the earth, or Uie time during 
which radiogenic lead lias been produced in its materi als. Tlie method 
is one of extrapolation, consisting in the study of the observed relative 
isotopic abundances within one age group mid their theoretical varia- 
tion with time. The moment when the isotopic ratios, calculated back¬ 
ward for various age groups, become equal is the‘‘beginning,” Holmes 
found in such a manner 3,350 million years for the age of the earth. 
The oldest analyzed sample used in his calculation was 2,000 million 
years younger tlian this figure—a gap which might have caused con¬ 
siderable error in the estraimlfttion, as was pointed out by Jeffieys 

(15) - 

Beoent data as quoted above push the directly observed age limit 
much farther back in time, and nearer the beginning. .Applying tlie 
method of estrapolation to modern data, the probable age of the eartli 
results as 3,500 million years (16), in excellent agrecDient with Holmes’ 
former figure, but more reliable, the range of extrapolation being 
now only a few hundred million yeure. 

Tho figure of 3.5 tliousand mil lion years can at present bo Rocepted 
as a close approximation to the age of the earth—the time elapsed 
^ce its elements were uniformly mixed, probably in a molten state. 
The same figure, or one t»rliap« only slightly greater, can be con¬ 
sidered the age of the solar system; the formation of tlie planets and 
of the earth’s crust must have taken relatively short intervals of 
time (17). 

Tho uranium and thorium content of iron meteorites is so fflnaii 
that their lead can be assumed to be of primeval isotopic composition, 
no rediogenic lead having been added in the course of time. If thm 
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IS SO, tbe present average isotopk composition of lead, uranium, and 
tliorium in the earth’s crust indicates an age of 4,500 million years 
(18,10), in remarkable agreement with a similarly determined age of 
stony roeteoritis (20). This would be the time elnpscd since the 
separation of the iron from tlie silkate pliEise, which may have taken 
place in a diffuse state of matter ajid may have preceded the forma¬ 
tion of the planets. 


THE ACE OF THE ELEUEm'S 

Time iotervals can be calculated only for radioactive elements with 
a known rate of decay. According to the well-known laws of radio¬ 
active decay, the amount of these elements decreases exponentially 
with time; calculating their amounts for distant epochs in the post, 
one Inevitably arrives at time limits beyond which tlie calculated 
abundances of radioactive isotopes become unreasonably large— 
greater than those of the presently observed end products, or even 
greater than the total amount of matter in the universe. Clearly, 
the radioactive elements can only be of Rnita age. Kow, the rate of 
decay of radioactive elements is not influenced by external conditions 
if the temperature remains below 1,000 million degrees and the density 
below, say, one million times tliat of water. Neither in the interior 
of normal (dwarf or ^'main-sequence”) stars, nor in interstellar clouds 
from wide]) suns and planetary systons are believed to have sprung, 
do such extreme conditions exist. We may well say that the state 
of matter in the observable universe requires radioactive decay to 
proceed relentlessly. As this could happen only for a Rnite interval 
of time, it would mean that tlie observable agglomerates of matter in 
the universe could also have existed for only a limited tima- 

Thus, at a remote epoch a building up of the radioactive isotopes 
must have taken place, in addition to their spontaneous or forced 
decay. Kow, conditions leading to the formation of the heavy radio¬ 
active isotopes will tlirow the teat of the lighter elements into a melt¬ 
ing pot, too—‘Will cause their rapid building up and disintegration; 
this is a trivial consequence of tlie theory of nuclear structure. The 
age of the radioactive isotopes is thus almost synonymous with the 
age of the elements. 

According to a method proposed by Russell (21), a maximum ago 
for the elements can be derived from the relative terrestrial abun¬ 
dant^ of n radioactive isotope and its end product It yields a 
maximum age, because some of the end product must have been cTuatcd 
nonradiogenically in the initial “melting pot,” when all the elements 
came into being imder extreme conditions of teni[>cnitUTe and density. 
Of the different isolopca, that leading to tha lowest estimate of age is to 
bo taken. Tlie upper limit of ago of the terrestrial elements thus found 
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equals 5 to 6 thousand million yearSi less than tha double of the age of 
the earth (1, 16, 22, 23). The sharpest margin results from tho 
uranium 235^ka(i 207 ratio, Tho closeness of the order of magn itnde 
of the upper limit to the age of the earth is significant and umkes it 
likely that the true ago of the elements does not difler much from that 
of tho earth—a figuru of about 4,500 million years apiiearing to be 
plausible. 

In these estimates there is some oncertainty from the unlmown 
composition of tJje earth’s interior, which, however, is hardly signifi¬ 
cant in view of the esponential law of variation of abundance ratios 
with time. Even a large error in tho present ratio will not affect the 
order of magnitude of the resulting age. Tho mere presence of radio¬ 
active substances is a proof of the temporal origin of the lorrestrial 
elements. 

Except for meteorites, tliere art no dnia a vnilublo as tn tlie abuinlanc© 
of radioactive isotopes outside the eartU; the above-mentioned time 
limit refers therefore strictly only to tha sample of matter repre®nted 


by our globe. 

Although the relative abimdaticea of the elements (esdudmg tho 
lightest, ^hich have csc^jied from siiiall bodies like our planet) in t e 
earths cruBt and in the atmestpheres of the sun and most atere arc 
very simitar, this does not necessarily mean a simultaneous origin or 
their elements. Only a similar mode of origin is implied. 

Several attempts have hoeii made to explain, witli more of 1<^ suc¬ 
cess, the origin and relative abundances of theelements by equilibrium 
conditions inside superdenso stars (Klein, TSeskow, and Tinffen jgj 
Hoyle; van Albade). Supernova explosions inject the mixture into 
space, whence it condenses again into new-bom stars (24), Ol«erra- 
tions of the Crab Nebula (25), a former supernova, suggest that the 
product of explosion—the amorphous core of the uebula-is i^r in 
hydrogen, whereas its hydrogen fringe appears to be inters e nr 
puslteri ahead of tlie expanding core. AVb may thus have a ® 
origin for tho elements; hydrogpn already pre^nt m sp^e with an 
unknoTVE original content of other elements; and the eavier e email 

onrichingth® mixturethiwujjli eapcraoviexpIosioM. ... 

Old stMS—Ihosj of “Populottai II”—^ to show, indood, n 
smoUor metsl content tlinn those Wiovini to hs mow CK^tly formed 
(2G), snegBsthig a gradual change in the compoeltion of the medium 
of whichTtaru are huill. If this is so. we need not go to the 
of tlie universe to account for the radio^« m^l»s en earth : ^ejr 
mar be tho pmdocte of supernova Bploamns that preceded the forma- 
ti,mofthe»lar^steim 

are justified. The theory of steUar structure would admit the building 
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up of the ligSbter metal nuclei in suiwrdense stellar cores (37^28), as 
well as during the liydrogen explosioii of a star that has become hydro- 
dynamically unstable (34). From this, however, it ia a long way to 
the extreme conditions at wliich umniiim and similar elements of liigh 
atomic number can begin to be produced. Although light metals can, 
indeed, bo currently aupplied by the above-described mechanism, it is 
doubtful whether die heavy radioactive isotopes could originate in 
stellar interiors. Lfora lilcely, these isotopes bare come mto being in a 
more imw’erful “explosion’* which involved the whole universe, namely, 
that which happened at an early stage of its espansicm. In that case 
the age of at least the heavier terrestrial elements would still be synony¬ 
mous with the age of the world- 

Tills leads us to anotlier group of theories which explain the ob¬ 
served abmidances of all elejnetils, including the heaviest, by their 
building up from a nonwiuilibriuin, e.\tremely hot mixture (chiefly 
neutron g;is) at an early stage of on exploding universe (Alpher, 
Teethe, Gamow), 

It is possible that the lighter olemonts (say, those lighter than iron) 
have originated from two different processes—during the primordial 
explosion, and currently in stellar Interiors—whereiis the heavy iso¬ 
topes were all created at the “beginning of the world”; in such a cose, 
as shown above, the “radioactive” age of the universe, or the time 
elapsed since tho Mg explosion, is about 4.5 thousand million years. 
How’ever, unless the possibility of foiToatjon of the heavy elements 
in supenlense stellar interiors can be deflnitely dlspreved, a oertain 
ambiguity will remain attached to the meaning of this figure. 

AIETEORJTES 

The pioneer work of Paneth 20 years ago raised hoi>e3 that radio¬ 
active age determinations of motcorites, based on their helium content, 
might yield a due to tlie ago of the solar system at least, or even to 
tliat of tlie whole universe {1). Unfortunately, the meteorites did not 
cottie up to origi rml expecbitlons. Panefh’ia struggle with this problem, 
which is not concluded yet, led over disappointments and disclaimers 
of former results; o. g., he aimouiiced that all his detcTminations prior 
to 1!>40 were technically uiireTiablc. I’anoth’s rescarchea are a re¬ 
markable example of a gallant fight for the truth, without bias toward 
his former work, some of whidi he rejected ns soon as it was found 
that it did not comply with hLs owti high standards. 

Tile leakage of hditim from meteorites to space was one of the many 
diflicultieg, and for this reason stony meteorites proved unreliable, so 
that only data referring to iron meteorites could be fully trusted, 
From refined analysis of the helium content of the latter Paneth found 
the ages of meteorites to lie between 100,000 and 9 thousand million 
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jeara. The higher yalues represented a ptizalo as, for example, tliey 
c 03 nsiderablj exceeded the upper limit of ago for the earth and the 
sohiT system as set by tlie abundances of radioactive isotopes (cf> 
ptecedi ng section). 

IlTow came the latest act of the drama. Bancr (SD) and Huntley 

(30) pointed out that part of tite helium in metooritoa must hare been 
produced by nuclear transmutations, caused by coeunc raj's during 
millions of centuries. This suggestion has now become an estab* 
lifihed fact, ae otlierwise the presence in meteorites of tlie isotope 
He’ in considerable omoimta (IS to 82 percent of He*) cannot be ex¬ 
plained: radioactive disintegration loads to He* only, not to He’. 
On the odier hand, cosmic rays produce botli isotopes in tlie approxi¬ 
mate proportion of 10 He* to 3 He’ atoms (Lo Couteur). This ratio 
being ^ven, an analysts by the mass spectrograph leads to the deter¬ 
mination of die amount of purely radiogenic He*, which is very muclt 
less than the total amount of heUiun. As a resiJt, the estimated ages 
of meteorites are greatly reduced and, from the proyisional data avail¬ 
able, hardly attain 1,000 million years (31). This is much less tbaii 
the well-established age of die earth and the solar system; therefore, 
the method is of no avail in estimating the age of the universe. It bos 
been suggested that the meteorites lost their original helium when 
passing near the sun and melting in its heat; their orbits ore sometimes 
likely to become Highly eccentric from perturbations at close ap¬ 
proaches to the planets, in which case near passages to the sun become 
possible. However, unpublished calculations by die writer show that 
such happenings nto very rare, and that the explanation is invalid. 

Urey (32) pointed out that iron meteorites are unlikely to contain 
enough radioactive elements to account for meosumble amounts of 
radiogenic helium. The correlation between tlie total amount of 
lieliuni and its isotopic rado in iron meteorites is highly remarkable 

(31) , In the opinion of the author of this review the siraplust explana¬ 
tion of Paneth’s results could be that all the helium is proiluced by 
cosmic rays, the absolute amoirnt and isotopic ratio depending upon 
the ori^nal thickness of the protective layer, subsequently lost through 
ablation in our atmosphere. ITie time of separation of the stone and 
iron of meteorites, as determined from die isotopic composition of 
load, is consistendy found to bo 4,500 millions years (20). This may 
refer to a preplanetary sloge. Potassium-argon^ ages of stony 
meteorites are found to be 1,900 to 3,800 million years (33) and 4,700 
to 4,800 million years (34). Evidently there has been little or no 
escape of argpn from stony metcoritee. The argon ages would date 
from the moment of lost Bolldilication, thus probably from a planetary 
or postplanetary stage. Alst>, Uiese high argon ages of stone seem to 
indicate again that the helium ages of iron inclusions, often con¬ 
nected with stone, are unreliable. 
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Meteorites point to an age of tbo solar system, or its parent nebula, 
close to million years. 

niE AGES OF Tire SEAKS 

At present there is little doubt that mein-sequence (^‘dwarf’) stars 
depend upon the conversion of hydrogen into helium for their energy 
source. The correlation of radius and mass, indicating central tem- 
peratnres of precisely the range required by the corresjwnding slow 
nuclear reactions, can hardly be interpreted in a different matiner. 
This knowledge is so well founded that it f urnlsties a reliable basis for 
tiie caloulatiDn of time rates of stellar evolution. 

To cover radiation losses to space, the sun. has to spend an amount 
of hydrogen very nearly equal to 1 perceut of ite mass in 1,000 million 
years. Sirius, a typical star of spectrum AO quite common in the 
galaxy, emits liJ times more energy per unit moss than the sun, con¬ 
suming thus 13 percent hydrogen by weight in 1,000 million jeare. 
With 60 percent hydrogen originally, the store of energy would last 
4,600 million years. There is probably not much mixing in stars out¬ 
side tiseir central regions (3b, 36, 3T, 38); tlierefore, only about 25 
percent of tlie fuel is available (from the central regions where Urn 
temperature is high enough for nuclear reactions to proceed at a not- 
negligible rate), and the Ufetirac of Sirius becomes 1,150 million years. 
It may then b^-ome a giant (35), and ultimately collapse—possibly 
by throwing off its outer shell in a supernova explosion, leaving be¬ 
hind a remnant which ultimately becomes a white dwarf, Tlte success 
in calculating “comimsite^’ models of red giants (30, 40) , oa well as 
Trumpler’s clasification of star clusters, lends support to this concept 
of steUar evolution. The more massive B stars will have a lifetime 
of a few hundred million years only. This being much diorter than 
the lifetime of tlie galaxy, which cannot be younger than the earth, 
it is concluded lliat the early-type stars are currently replaced by new 
stars condensing out of diffuse matter (35). Where diffuse matter 
is no longer available, early-type stars are absent and only giants of 
the corresponding luminosity remain, as Is actually observed in glob¬ 
ular clusters. Using Baade's terminology (41), Population II of the 
globular clusters, the galactic center, and the general galactic back¬ 
ground, consists of aging members bom at a remote epoch; whereas 
Popnlatlon I, connected with the diffuse matter and spiral structure 
of the galaxy, contains young early-type stars steadily coming into 
being and dying, in addition to the ba^ground of less massive young 
and old stars, some of the latter existing from the very beginning of 
the galaxy (35, 42), 

The ab^nce of normal B and A stars from the globular clusters sets 
their age, as well as that of the galaxy, at more than 1,600 million years. 

Thb energy source of the giants remains a puzzle. If we take their 
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petsistent appearance in globular clusters os an indication of tlieir 
longeTity, a more powerful source of energy must be assumed for tbeic 
maintenance (35)—cither grayitation of their auperdense cores, or 
annihilation of matter. On the other hand, these giants may tepre- 
Ecnt short-liTed objects in “statistical equilibrium'’ with the rest of the 
stellar populatioti—those which blow up or collapse being replaced by 
others becoming giants. This latter concept would agree w'ith tlie 
calculated red-giant models (39,40) which are supposed not to draw 
on iinknow'ii sources of energy and are short-Iircd, tlieir luminosities 
being abnormally high as compared with their masses. The giants 
of the globular clusters, os well as the short-period variables which 
should represent a phase preceding the giant stage, would then cor¬ 
respond to stars of more or less similar mass for which the exhaustion 
of hydrogen b^n reached a critical limit (35). Taking the observed 
luminosities with Schwarzschild’s models, the limiting mass would 
bo fi'om 3,0 to 2.0 solar mass. Indicating for the clusters an age between 
SOO and 2,500 million years. 

The fork-shaped H-R (Hcrtisiaruiig-Kussell) diagram of the globu¬ 
lar clusters represents apparently tbe result of aging, in contrast 
to the continually rejuvenated Population I of our galactic siirtound- 
ings (the difference in metal content having only a secondary effect). 
The globular clusters, which are all well outside tlie galactic plane 
and are not sharing in galactic rotation, will nBcessarily oscillate on 
botii sides of the galactic plane, the period of oscillation being loss 
than 100 million years (Oort). Thus, they must have repeatedly 
gone through the galactic plane. TfVliile passing for the first time 
through the plane, they must have been stripped of all their diffuse 
matter—which could liave been but loosely bound by a gravitational 
potential of only l/lOOOth tliat of the galaxy^—^through collision with 
tlic diffusa matter near tile galactic plane; the mcchatiism is similar 
to that visualized by Spitzer and Baade (43) for collisions of galaxies. 
Tliis would have prevented the subsequent formation of new stars in 
them. The stellar population of the globular cluriera must therefore 
consist of members of almost tbe same age, which came into being 
when the galaxy was formed, and represents thus ono of the oldest 
time indicatorsL The lower branch of their It-R fork appears to join 
the IMI diagram of Po|)u1ation I at absolute bolomctric magnitude 
+2 (41) ; tills should be tlio luminosity of old store which have now 
arrived at the end of their carter as dwarfs. 

The evolution of dwarf stars, without much mixing of their sub¬ 
stance, amounts to chemical changes around their central cores, where 
hydrogen is converted into helium; the composition of the outer re¬ 
gions remains unchanged. Opik (27) has followed tlie evolution of 
such stellar models by mimerical integrations. From these calcula- 
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tions it cun be estimated that stars wliich liftvo nearly exhausted their 
central store of hydrogen yet remtiin dwarfs should be about 0.5 mag 
{or by 60 jiercent) brighter tUntl “normar* dwarfs of e<iu!il mass. 
If wo take this into account^ it is estlimited that tJve above-nientioned 
“ultimate” dwarfs in globular clusters, about 10 times brighter than 
our SUJ 1 , should haTo n inosa of 1,70. The total duration of the 
dwarf stage at this moss would be around 4,000 million years. 

'I'Jia numerical value of tliis GStiiimte may be considerably in error; 
yet , qualitatively there is little doubt about the soundness of t he inter- 
jirelalioti whicii ascribes to the stellar population of Uie glohulur 
clusters the same age as that of the galaxy itself. By essentially the 
Eome method, but on tho basis of more recent observational data, 
Bandage (44) finds an ngc of about 5,000 million years for the globular 
clusters. We may take the average of the two estinKites, 4.5 thousand 
million yeais, us the piobuble age of the globular clusters, as well os 
of our galaxy. 

Among the many dataconcordnntly pointing to an age of the stellar 
iituverseof a few thousand mi I lion years, tJiere is one which seemingly 
strikes a note of discord—some uneasiness may be felt about the high 
frequency of white dwarfs. If they are remnants of suiiemovae, 
wliich appear only once in a few hundred years, they would have 
required periiaps 100,000 million years to accumulate. However, at 
the beginnings of the galaxy, at llie time when Population 11 was 
formed, star formation must iiave proceeded at a faster rate tdian now. 
I'Jie frequency of siipernovae, directly related to the frequency of for¬ 
mation of massive stars, may then Imve been much higher (26). Fur¬ 
ther, the pc^ihility of white dwarfs being formed in another way 
cannot be ruled out, T>oiibts as to tlie time scale cannot be nmintaiiieil 
on such slender evidence. 

Besides, a direct estimate of the age of individual white dwarfs can 
also be made, and this turns out to bo in agreement with the other 
estimates. The energy source of white dwarfs can consist only in 
the thermal agitation of atomic nuclei (45) or upon explicit heat- 
like a kettle of hot water gradually cooling, 'flie time of cooling, 
until the present state is reached, or tlie ago of a wliite dwarf can be 
easily calculated wiien .4, the mean atomic weight of this material, i.s 
known. Considering ihat all hydrogen must previously have been 
converted into heljum, and that, before the “degertcrate” stage of a 
white dwarf is reached, triple collisions at temperatures of a few hun¬ 
dred million degrees will convert all the helium into carbon, and then 
into tighter metals such as magnesium, we find that .1=24 can he 
assumed, and Afestol s highest values for the ages of white dw'arfs 
become equal to 4,000 million years. Tliis may Iw near the age of 
Population II and the galaxy, In thrilling agice„u-nt with otlier 
estimates (27,28), 
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STABILITY OF STAR CLUSTERS AND DOUBLE STARS 

The dynamical stability of clusters has been investigated repeatedly, 
with the result that most galactic clusters will di^lve^ eidier under 
the tidal action of the galactic center or through encounters witli field 
stars or other ineiii1»erB of the cluster^ in time intervals of the order 
of Ij^XK) million years (4t5,47)* Although this statement refers to the 
future ftnd^ theoretically, is compatible with an unlimited past., the 
probability of simultaneous occurn?nce of a great mim!:xsr of old clus¬ 
ter wliich just now liuve come to the verge of disruption is very small. 
We may ex[>ect an average cluster to Ije obsen-ed in the middle of its 
lifetime, and as^unej therefore, that the age of most clusters is some 
1,000 million years or less* Yet, most of them contain early-type 
static which cannot l>e very old. Consideration of the dynamical sta¬ 
bility of clusters confirms thus the youth of their members, and adds 
another argument in favor of tlie theory that stars are being born 
continually. Apart from that, no new criterion of age for tlie galasy 
is forthcoming—clusters which arc older than their stellar c<:mtetit 
cannot be observed. 

The situation is similar wdth wide double ^tars, Tlie distribution 
of the distances between their com}K>nent£ (4^, 4D) indicates that 
equipartition of energy^ cannot liave taken place and that tlie 

binaries could not have liecn subjected to encouiiteis; with field stars 
ff>r longer than* ^y, 5,W million years (4). On the other hand, the 
statisticiil inaleriiil from which this conclusion isdrawm is based chiefly 
on die relatively luminous Adype biriarios whtcli, according to the 
preceding, cantiot have lived to so great an age, anyway. 

Thus, conclusinns as to age based on the dynamical stability of 
clusters and double stars are overruled by tlio shorter lifetime of their 
component^ and can be used only to realGrni the short time scale of 
Stella re volution* 

THE RED SHIFT OF EXTRAGALACTIC NEBULAE 

Tlie observations by V, \L Sliplier^ lltibble, and Humason, if in- 
terpit^tcii in a straightforward manner, indicate a recession of the 
estragttlactic nebula© proportional to distance, or an expansion at 
a uniform rate of the visible jxirtlon of the universe. 

Recent developments have shown, in a manner that leaves practically 
no doubt, that Tlubble^s ^ale of distances should be nt least doubled. 
Tbo distances of tlie nearest nebulae w ere determined by flubble from 
the period-!milinosity relation of the long-period cejjheids. The ^tero 
|K)int of this relation dei>endecl u[ioii space absorption in low galactic 
latitudes^ ond was known to be inaccurate^ but, for lack of better data, 
it w lt^^ accepted and used during the pjLst quarter of a ooiitury as a basis 
for work on the st met lire of tJie universe. Some cosmological theories 
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actuallj depended upon the particular value of the zero point and the 
resulting scale of di^nces. The unexpected! j large correction in the 
scale is a shock to all theories involving the so-called cosmological con¬ 
stant. Wo need not express regret that these tlieories were created— 
they were fully justified by the esthetic value alone—^but, from the 
standpoint of economy of thought, the cosmological constant (equiva¬ 
lent to a repulsion) must be suspended from active duty for the time 
being and put in cold storage until new observational facts sound the 
trumpet for its revival. It is rather doubtful whether this ever will 
happen. 

The zero point of cepbeid luminosities affects only the distances of 
eitragalactic nebulae. Within the galaxy, including the globular 
clustera, a more reliable criterion of distance is offered by the known 
luminosities of tlie ^ort-period cepheids, tho so-called cluster-type or 
HR Lyrae variables. The average luminosity of these Population IT 
high-velocity objects does not depend so mtich upon space absorption, 
and is well determined. They were too faint to be observed in the 
nebulae by Hubble. In tbc llageHanic Clouds, whoso estimated dis- 
tanooa depended also upon long-period cepboids, persistent Harvard 
Observatory searches failed to reveal cluster-type variables, a circum¬ 
stance. sometimes interpreted even os indicating tho actual absence of 
these objecla. 

Kow, as last, numerous cluster-typo variables havo boon found in 
the Magellanic Clouds (51), but alwut 1.3 mag (or S.8 times) fainter 
than expected from the magnitudes of tiie long-period cepheids. Thus, 
the long-period cepheids are 1..3 mag brighter and all distances based 
on them 1.8 times greater than was foniierly assumed. The apparent 
diameters and mtegrated luminosities of giobular clusters in estemnl 
galaxies call for a similar correction (52), and independent support 
for tliese conclusions is forthcoming from other sources (Baade). 

This, however, is not the whole story. The recession constant of the 
nebulno depends entirely on the more distant objects, for obvious rea¬ 
sons ; yet in these no variable stars could be observed. Tlirir distances 
were linked to the cepbeid scale of tho nearer gata.xies tiirough inter¬ 
mediate criteria—the miignitudes of the brightest stars and of tho 
nebulae themselves. Both criteria are of a statistical tialute and not 
only uivolve various photometric errors, but also depend upon tho true 
dispersion (variety) of the magnitudes of the objects used as stand¬ 
ards; the dispersions, and therefore tlio distances, seem to have been 
miderestiniated by Hubble. A comprehensive survey of the nroblem 
has been given by Behr (53). He concludes that iLse of KK 
intrinsic luniin^itica of tlie nebulae which are not based on variable 
Stats ^oidd be mm^d by 1.7 mag. Behr was not aware of the need 
for adjustment of the cepheid scale of the nearest nebulae und this 
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correction^ evident]j, must be added to that foiind by him. The total 
correction amounts thus to L7+U—3 h 0 mag, or an increase in tlie 
distances of nebulae (escept tlie nearest^ whieh are basKl on t^pheids) 
in a ratio of i to 1. The constant of recession^ or the rate of increroec of 
velocity Ts^ith distance as based on observe<l red shifts^ now becomes 
145 km./soc, per raagaparsec (3.35 million light-years), only one- 
quarter of tlie formerly assumed value. The espansionistic time scales 
ore increased fourfold^ and even the shortest will yield more than the 
lower limit—the age of the earths 

The retention of the cosmological constant by Eddington and 
maitre was justilied by die need to extend the timescale; the slow phase 
of expansionj when gmidtational attraction and cosmic repulsion 
nearly balanced each other, allowed this to be done almost indefinitely. 
Now, with the increased distances, cosmic repulsion becomes a super¬ 
structure of a purely esthetic nature, serving tio practical purpose. 
Besides, Einstein, the originator of the exmeept, has disavowed the 
cosmological constant ever since, in spite of the then favorable numeri¬ 
cal aspect of the problem. 

Without the cosmological constant, the Friedmann-Einstein cos¬ 
mological models (54) furnish a working hypothesis beet suited to 
deal with the expanding universe. These models arc very similar to 
an ordinary gravitating spliere in uniform expansion^ Gravitation, 
worldug against expansion, is slowing it down. When tJie velocity of 
expansion is below a certain limit, the expansion will be ultimately 
stopped by gravitation, and contraction will start; when the velocity 
of expansion equals or exceeds tlie limit (velocity of escape), gravita¬ 
tion wiU be unable to stop it and the sphere will disperse into space, 
expansion never ceasing. According to the general tlieory of relativ¬ 
ity, and without cosmological repulsion, a similar state of afFoirs in the 
expanding univet^ prcvailSL Tlie first case, ivhen exi>ansioii is ulti¬ 
mately stopped by gravitation, would correspond to jKisitive curvature 
of space, or to closed space and a rdapsa of the universe, after maxi- 
mum expansion, into the original state of high density (atom or 
nebula) ^ The second case would coireBpond to zero or negative curva¬ 
ture, to open and infinite space, and to a one-vray development of the 
universe by perpetual expansion. 

For an expansiDn constimt of 145 km./sec; per megaparsec the lino 
between the two coses is set by a certain limiting value of the average 
density of matter in space (i. e., if all the matter of the universe were 
spread uniformly over its entire volume;, instead of being concentrated 
into galaxies, stars, and atoms), equal to 3i&Xlth^ gm./cm.^ The 
volume of the earth filled with matter of so low a density would contain 
only a of 43 mitligrarns. 

The probable value of the average density of matter in space can be 
estimated in the following way. There are in the universe, on the 
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uvenige, 12 riebube |>er cubic jiifrgiiparsec (55) - TUe airerage mass per 
nel^ubi^ includirig intergaJactic matter, can Iw ei?ti mated from the 
iiiterRaJ motions in clusters of galaxies according to the 'SIrial 
thoorem’* (meim kinetic energi^ i>ei- iinit ma^ propoH iomJ to tbe po¬ 
tential of gnuritution) • this^ of course, depends upon tlu* ussumption 
ikat the clusters are held together by gravitation. The a^nmpt ion can 
nowadays hf^rdly be subjected to doubt, considering that otherwise, 
with the vclocitica observed, tlie clu^tjera would have di^md long 
ago; on the contrury, they are gathertxl £o closelv together that numer¬ 
ous intcqifcnctmtioiis or ‘^collisions’" of the nieinber gitlaxic^s of a 
cluster must have happened during tiie lifetime of the universe (43)- 
Repeated collisions iiuist liave led to ’^‘statistical equilibrium’* in the 
distribution of veloeities of the member galaxies} the similarity be¬ 
tween the radial density distribution of nebidao m these clusters and 
that of an isothermal gas sphere (56) supports this assumption and the 
validity of the virial theorem. For the Virgo cluster a mass of 500,000 
million suns per uebuhi results with HubUlc’si sc^dc of distances (5), 
luid four times as much with the corrected scale. Tliese data lead to a 
world density of 2.5X10 ** gm./ein.* or 04 percent of tho critical 
deiLsity. If tire result is hikeu literally, this would moan ncgiitiTe 
curvature^ an open imd in Unite space into which llio universe Ls 
irreversibly expanding. 

However, the calculations are not exact enough to warrant un¬ 
reserved acceptance of such a coiiclusion, Tlie estimate has come 
astonishingly close to llie critical density, and therefore, within the 
limits of uncertainty in Uic data, the alternative case of closed space 
imd limited e.vpansion followed by collapse is also possible. Indeed, 
Zwickj' (57) finds considerable amounts of matter in tlie space be¬ 
tween the galaxies, and favors a world density about 25 tinicis that of 
our estimate, which would bring it far above the critical value. How¬ 
ever, Zwieky's value is i\ very rough estimate, not based on tlie virlal 
theorem. Our estimate of 3 milUoti million suns per nehtila would 
ascribe 90 pereent of the luas to intergalactic uiatter (tliat between 
the galasie^s) and only 10 percent to the galaxies themsclvesj this 
ligure aeoins to be more realistic than Zwdck}’'s, which would set the 
percentages at and 0.5, respectively. 

It is, perhaps, permissible to si^cuhite on the closeness of the world 
density to its critical value, and to suggest an intrinsic reason for 
this near equality of the kinetic eiicrgy of expansion and the absolute 
value of the gravitational |>otcniiaL The reason should he sought in 
the post liistory of the world. For example, an oscillating universe 
w hose maximum world radius greatly exceeds the present value w'ould 
lead to the above-mentioned near equality exoeirt when close to the 
phase of greatest expansion (which should be far ahead of present 
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time). In that ease tiie time of eximnsion from the state of greatest 
density until today is insensitive to the precise value of world density^ 
and depends only upon tlie mte of estpansion; it is practically equal 
to that of uncurved (Euclidean) space and^ with the revised ^alne 
of the expansion constant^ becomes 

4.500 million years. 

The figure is surprisingly close to the other estimates, altliough a 
considerable uraiertainty is involved, the extreme admissible values 
being, perhaps, from 3 to 6 thousand million years. 

This would represent tlie age of the universe in a restricted sense, 
or the time elapsed since it was in a liighly condensed state. This 
state cannot yet be described. Tjemaitre's primeval atom is one of the 
possibilities. The theory of tho origin of the elements, as shown 
above, does not provide a clue. Tlie same is true of the cosniic lays, 
which appear to lie of stellar origin and who^e connection witli the 
prcstellnr stage of tlie umverse seems to be improbable (&S, 50). 

SPACE HEDDENIT^G OF THE CiiLAXIES 

This phenomenon, nnnonnoed by Stebbins and Whitford (fiO), and 
consisting in an increase of the color inejex of diistant galaxies, not 
accounted for by the red sliift, led to far-reaching specuktiorj^ on 
observable effects of stellar evolution. The effect scetns to be restricted 
to elliptical nebulae (purely Population IT), wherens spirals (mixctl 
[>opulatious) do not sliow Fe<ldeaiiig (61). Tiie distant nebulae are 
observed at an earlier stiXge of evolution (on iiccount of light time), 
and it has been suggested that the effect could be accounted for by 
the ml giants of Population IT clisappeariiig with time (bloAVing up 
or collapsing), which w'ouhl tend to make the population bluei'. How¬ 
ever, a multicolor study of the spec^tral-energy distribiilion of a dis¬ 
tant elliptical rLebuIa has showm that ‘^the result is definitely not that 
expected from the death of red giants” (63), Tlic effect continues to 
the greatest distances (03). 

Vaucouleui^ (M) suggested that the effect is due to the depression 
in the ultraviolet produced by absorption lines and bands, With the 
red shift the ultraviolet depression isi displaced into the bUic^ making 
the blue-red color index redder. At least part of the effect can l>e 
accounted for in such a manner (65), 

As to the spirals, thej^ are kiiowrt to contain a considenible amount 
of nebulosity in emission (66); this, especially that duo to hydro^n, 
wuil fill the ultraviolet dcprc-^ioii, couiiterbii lancing the absorption. 
The absence of the rc<ldemng for spirals is thus explained without in¬ 
voking stellar evolution. Over the time intervals involved, evolutmn 
may well affect Individual stars, but considerable effect^s upon the 
entire Population II ar^ unlikely. 
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In any case, tlie present evidence is inconclusive as to the reality of 
the space-reddening effect. Some residual reddening from absorption 
by intergalactio matter may exist. The question may be decided by 
two-color observations iu yellow and red, avoiding the unreliable 
violet-blue spectral regions. 

ALTERNATIVE nYPOTHESES 

It has been repeatedly stresed that the nebular red sliift may not 
indicate recession, and alternative suggestions hai"® been made recently 
tFreund!ich, Shelton). It is difficult to imagine a oollislonal process 
of reddening without simultaneous blurring of the nebular images 
(67). Further, the nonexpnnding universe will bo unstable and will 
end in collapse; or in o.vpaTi8ion, if the cosmological repulsion is intro¬ 
duced. Thus, the present state would be esceptional, the normal state 
being one of Doppler shifts corresponding to real approach or reces¬ 
sion. It docs not seem advisable to socrifioe the solid concept of reces¬ 
sion to a piling up of ad hoc nciv laws aud improbable states. 

Continuous creation of matter under various aspects (Kapp, Jordan, 
Bondi, Gold, Hoyle) is another alternative wliich would dispense with 
a finite age for the universe. It requires the retention of the cosmo¬ 
logical constant (repuMon), or a pulsating variety of it (Kapp). 
For reasons similar to tliose given above these theories can at present 
be assessed only from tlie standpoint of their esthetic value. It is not 
easy to imago obscr^'ational criteria for them which cannot be ex¬ 
plained away. 

Perhaps the distribution of masses of the galaxies can provide the 
least objectionable proof. In Hoyle’s expanding universe galaxies 
will continually grow by accretion, especially large ones with gaseous 
envelopes firmly bound by gravitation; Gie envelopes will act as nets 
catching atoms from inteiginctic space, or incorporfiting whole gase¬ 
ous envelopes of smaller galaxies winch happen to be in their way 
(43). They will grow almost indefinitely with time. Their frequency 
per unit volume in Hoyle’s universe will vary inversely os the cube 
of age, thus more or less as the cube of mass, too; when selected by 
apparent magnitude, there will be no upper limit of mass and almost 
no correlation of distance with magnitude. The available evidence 
implies a frequency of nebulae in space decreasing with the 4/S power 
of moss (68,09), a definite upper limit of mass (66), and a oonelaiion 
of distance with apparent magnitude. IVhat evidence there is, is 
definitely negative. 

CONCLUSION 

The rate of irreversible processes in different physical complexes^ 
the radioactive elements, the eartJi and tlie solar ^stem, the stars stel¬ 
lar systems, the galaxy, the observable portion of the extragalactlc 
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univetse—IB such as to suggest an age not exceeding fi,000 million years 
for the universe tti its present form and content, llio estragalaetic 
nebulae, with our galaxy and its backbone of Population II, niny have 
been formed some 4,500 million years ago, the sun as a star of Popula¬ 
tion I oomiiig into being perhaps later. 

Cosmological repulsion is a theoretical superstructure which is uot 
necessarily required by the existing observational evidence, '^e 
same is true of the continuous creation of matter and the alternative 
interpretations of the nebular red shift; these are mere poesibiliticB, 
serving the purely estlietic purpose of denying the univeree a temporal 

origiiL * - . 

The observed velocities of recession exceed one-fifth of tlie vdocity 
of light, the energy correspondiiig to a packing fraction (fraction of 
mass converted into kinetic energy) of 0.02 per nucleon (proton or 
neutron), Nothing short of on explosion from the densest-known 
state of mattei^nuelear fluid-^could be advocated as the cause. Our 
knowledge of the present density of matter in the univeiee is insufficient 
to decide between the two possibilities: that of open space, in which 
case the whole universe is an irreversible process of temporal origin, 
and that of dosed space, in which tJie umveree may return to its 
initial state, implying oscillations—^the collapsing nniverse rebounding 
from the elastic forces of the nuclear fluid at a state of masimnm 
compression, to begin a new phase of expansion. 

It may appear at first sight that, at an advanced stage of collapse, 
when all individual bodies have melted into a uniform goswus mass, 
the gaseous universe may be prevented from further collapsing by the 
elastic forces of the gas itself, like an oscillating gaseous star of which 
the cephdds are examples. However, it is likely that, with the Mor¬ 
mons kinetic energv of contraction, the universe will first puss quickly 
tlirough the stage of building up of heavy elements from hydrogen 
and helium, most of the hydrogen remaining onoonvertad before the 
next stage, that of nuclear dissociation and formation of neutron gas, 
begins—electrons being squeezed into and absorbed by the poaitivcly 
charged atomic nuclei. This is the reverse of the process by which 
Gamow and others visualized the origin of the elements after the ex¬ 
plosion of the primeval atom. Formation of neutron gas absorbs 
enormous amounts of energy, and this, so to speak, blows the bottom 
off the resistance of the gas to compression. In such a cose, tho 
so-called ratio of specific heats of the gas (mixed with strong radia¬ 
tion) is I«as than 4/3 fil'd, according to a well-known thwrem on tho 
structure of gaseous spheres, the imiveise becomes intrinsically un¬ 
stable and cannot cease collapsing while in a gaseous state. Only 
when the perfect-gas laws no longer are valid, i. fc, wlien the stage of 
nuclear fluid is reached, will there develop enough resistance to stop 
the collapse and invert the trend of ever! 3, 
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In the case »vhcre open space appears to be required by the physical 
characteristics of our neighboriiood, we never will be sure of its 
validity for the universe as a whole. Tlie [jossihility should not l» 
overlooked that what wo observe now is merely the metagalaxy—only 
a step in the hierarchy of physical systems. The observed expansion 
may refer only to this limited, althougii large, material system; in 
other parts of the world conditions may be diderent. The finite 
intensity of the sky background has often been advocated to prove 
tJw tinitencss of the world. However, as shown by C. V. U Charlicr 
on purely classical lines, an inilnite vrorld is compatible with a iiiiite 
intensity of the sky background if tlie universe is built on a liierarclucnl 
principle, systems of each order (atomic nuclei, atoms, planets, stars, 
clusters, galaxies, metagalaxies, etc,) being 5a]^}arated by distances 
considerably greater than their diameters. Sucli a “hierarchically 
diluted” iniinite universe has a finite ami small surface brightness even 
in the absence of (ib&oi|jtion or Doppler shifts. 

In the case of closed space the universe (the whole, or the observ¬ 
able metiigiilaxy), with all its energy content, including radiation, is 
bound tu return to tlie initial state of nuclear fluid. This course of 
events is likely to repeat itself, the universe oscillating without ex¬ 
ternal loss, implying an uiilimited age in the past and in (he future 
(time here meaning simply a succession of events, irreax>ective of its 
numerical value). .\ll the structural phases will return time and 
again without, however, an “eternal recurrence of all things” in 
Xietzsiche's sense—the iiidividual celestial bodies in successive oscilla¬ 
tions would not be identical, nor would their inhabitants. On the 
contrary, an uiilhnited variety of combinations and of prospects of 
evolution would be imssiltle during each phnsa of the oscillation. 

Some have expressed disgust at tlie idea of an oscillating unirerse, 
periodically rei»c«tijig its general features (2). The present wTiter 
cannot see why this great repetition shouhl claim a lesser esUietic 
value than, e. g., the annual succession of seasons so praised by poet 
and layman. Besides, not only is the reijetition never literally exact, 
but, alas, wc have no say in Uie matter-^Uie Plan was kid down 
without our being consulted beforelxand. 
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Solar Activity and Its Terrestrial Effects^ 


By Sift Harou) Spencee Jokes 
i4stri>noin«T Royal of CreoJ fiKtoiu 


[WIUl S plaits] 

Ilf TiiE TEAE 1610 Gftlileoi usidg the then ne^ly invented telescope, 
discovered that there were spots on the sun- He ohserved that they 
moved from east to west across the face of the sun and that they 
changed their shape and size from day to day, w establishing that 
they were not plimetairy bodies seen in projection upon the face of 
the snn. 

For more than 200 years little more waa learned about aunspots- 
In 1826 Schwabe, an apothecary of Dtssau, commenced the Bystematic 
observations of the sun which he continued for nearly 50 years, making 
a record of the siiots seen in his telescope on each day that the sun 
was visible* Ho soon noticed that the appearance of the spots was 
not accidental In some years there were very few days of observa¬ 
tion on which no spots were to bo seen; in some other years tlicre were 
many. In 1843 he announced that there was a periodicity in the 
appearance of the spots and tliis was fully confirmecl by his further 
oh^vations. 

It may be remarked tlxat the discovery of suns^iota and tlieir perio¬ 
dicity might have been made before the invention of the td^cope, 
if the sun had been observed systematically when dimmed by haze 
near the horizon- Lfarge spots are easily vimble to the naked eye 
and a i^cocd of the appearance of naked-eye spots is adequate to reveal 
the periodicity, 

Tlie average length of the sunspot period is about 11.2 years, but 
there is a considerable range in the actual length of the cycle, which 
may be as short as S years or as long os 13 years. The height of the 
maximum can vary widely from one cycle to another; the maxiuiuni 
of the last lycle was the highest for more than a century. The rise 
in sunspot frequency from minimum to maximum is usually more 
rapid than the subsequent fall from maximum to minimum. The last 

* Tirentr-eeccmd Jameti Attbur Iffctorep given under tie ao^pLcea of Uie 
sooian luBtitntloii on April 2T, W^- 
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m uxim iitri occurred iR 10-17 and the last jtiinimum in 19&4. The neitt 
maxiniuni is likely to occur during the operations of the International 
Geoph\’sical Year, Anly 1057—December 31 ^ lOSH. 

Sunspots occur only withiTi two zones estendirig northward and 
southw wrd from tlic equator to a latitude of about At the com¬ 

mencement of a now cycle, spots begin to appear in the outer parts of 
these zones; as the cycle advances tliey apj^ear in pi^gresstvely lower 
latitudes and in increasing number^ completely leaving the higher 
latitudes. The mean latitude of the spot^t in each zone progi^ssivdy 
diminishes until ^ to ward the end of the cycle, few *S|)ota are found more 
than from the 14^10110^ As tlie spots near the equator gradually 
dia out toward the end of cycle, other spots begin to appear in high 
latitudes, being the first spots of tlie new cycle. Tims there is always 
some overlapping between succassive cycles. Tliese features of tiie 
sunspot cycle are well illustrated by the so-called butterlly diagram 
(lig. 1) fnrfiish(Hl by E. ^\\ Maunder, Gi'cenwich, in which is indicatisd 
the latitude of each spot appearing tJirough a sequence of years. Tlio 
figure shows the butter fly diagram from 18T4 to 1954, compiled from 
the Greenwich Observatory data. Below is shown the mean area of 
the spots for each solar rotntion, together with a curve representing 
I he sume data smoothed. The lower section of the diagram will he 
iT^ferred to later. 

Strong magnetic fieldsure associated with sunspots. Tlie intensities 
of these fields can he determined from the splitting of Llie lines in tlie 
sunspot qjectra which they produce, known at the Zeeman effect. 
During the course of a cycle the polarities of the sunspot fields, iivliidi 
arc opposite in the two hemispheres, remain unchanged, with few es- 
ceptions; daring tlie next subsoi^uent cycle tlie polaritie& in each hemi¬ 
sphere are reversed. Thus it seems that the length of the cycle is 
really 22 yeans, divided into the two ]>eriods of 11 years. 

Various attempts have been made to represent (Jie sunspot numbers 
over the past two centuries or ^ by the combination of a number 
of periodic term.^ By taking sufileient terms U has Iwen possible to 
provide n satisfactory representation of tlie observed numbersbut the 
Ijredictions made from these representations have invariftbly rapidly 
diverged from the subseejuent sunspot numbers and it can be con¬ 
cluded that the representation has no physical i^ality. 

It is not possible to say when or where a spot will appear on the 
SOUL Many spots are small and short-lived, losi tug for not more than 
a few days; others grow rapidly and attain a great size, becoming 
easily visible to the naked eye; a large spot may last for several weeks, 
or even for a few months. Tiie five largest sijots on the sun during the 
81) years of observation at Greenwich all appeared hi the course of the 
recent cycle; the greatest of all iqipoiired in April 1947 (ph 1, fig* 1) 
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and at its stage of maximum development covered an area esceeding 
6,000 million square miles, or about ISO times tlie equatorial cross 
section of the earth, 

A f?pica) spot consists of an umbm or dark center^ surrounded by 
a penumbra in the form of a more or less complete ring, which is 
darker than the stirrounding solar surface, though not so dark as the 
umbra. This darkness is only apparent, being the effect of contrast 
against the brighter surrounding disk, and is the oonaequence of the 
temperature of the si)Ots being lower than that of the normal solar 
surface. 

Around every stiiispot group tltere Is an irregular bright patch. 
In integrated light these patches are best seen near the sun’s limb, 
where the surface brightness, because of absorption of light in the 
sun’s outer atniosphere, is le^ tlian at the center of the disk. These 
bright patches ate regions of higher temperature and are called 
faovlaef they do not occur exclusively around sunspots, often appear¬ 
ing in regions devoid of spots. Hio total area of the faculae increases 
and decreases in close correlation with the increase and decrease of the 
sunspot areas and nnmbersi 

Further information about the sun can be obtained by photograph¬ 
ing it in light of one particular wavelength, either by the use of the 
spectroheliograpb or by the use of a monochromatic filter of the 
type designed by Lyot, which trajismits a narrow band about 1 ang¬ 
strom in width, Spectroheliograms are usually obtained in either 
the Ha line of hydrogen or the K line of ionized calcium; the Lyot 
filter transmits a narrow band at Ho, 

With the spcctrohcliograph, different levels in the sun’s atmosphere 
may be photographed by narrowing the slit so that the light from tlie 
center of the line, or from one of its wings, is used. The principle 
can be illustrated as follows: when we look vertically downward into 
perfectly clear water we are able to see to the bottom; if the water is 
slightly turbid we can see to a lesser depth; if it is very turbid, we can 
see only to a small depth. In the center of an absorption line, the 
absorption is a maximum; a photograph taken in the light from tlie 
center of the line therefore gives a representation of a high level in 
the atmosphere; one token in the light a little away from the <»ntcr 
gives a representation of a lower level; one taken in the light from the 
wing gives a representation of a still lower level. 

Photographs at the lowest level closely resemble in integrated 
light (pi. 2>. As the level is raised the faculae become more prominent 
and at the highest level the spots are usually completely hidden by 
tliem. In tlie K line of ionized calcium a coarse granulation structure 
appears, giving a mottled appeanmeo, somewhat like the surface of a 
Seville orange. These clouds, fairly round in shape, are called /too- 
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cnii- In tli$ Ha light of hjdrogan, the flocculi aio finer and more 
threadlike in structure and in the vicinity of sunspots show evidence 
of circulatory or vorteix znotions, which ore in the opposite direction 
in the two hemispheres^ 

In the highest-level photographs, long dark markings, called fla- 
menif^ appear. The filaments ore much longer-lived than sunspota 
and are among the most stable of the solar markings. Many of them 
are associated with sunspots, from which they spread out in a north- 
south direction. Because the rotation of the sun is most rapid at the 
Equator and is slower tlie higher the latitude, a filament progressively 
changes its orientation in tl>c course of its lifetime. When a filament 
comes to the edge of the disk it is seen to project beyond the Umb, 
appearing as a prcfniiiencg at the limb. The prominences, and neces¬ 
sarily also the filaments, co'Daist of flames of incandescent gas at tem- 
poratures of from 10,000“ to 20,000®, standing up above the surface of 
the sun, and ofteu extending to heights of many thousands of miles. 
The prominences absorb light from the solar surface and the atoms of 
the gaseous matter re-emft it at discrete wavelengths tn all directions; 
they therefore appear dark when seen in projection on the disk. 

The frequency and latitudes of occurrence of the prominences vary 
through the cycle of solar activity. There are two principal prom¬ 
inence zones in each hemisphere. The more important of these coin¬ 
cides with the sunspot zones; promineneeg commence to appear in lati¬ 
tudes of about 30* K. and S-, wi thin a year or two after the epoch of 
minimum activity and, becoming more frequent as the spots become 
more frequent, follow the drift of sunspots toward the equator 
with a lag of sevaral degrees in latitude; like the spots, they die out 
around minimum activity, 

A second prominenoe zone commenoes in latitudes of about 43® N. 
and S. at about the time of sunspot minimum and moves toward the 
poles, reaching latitudes of 75" N. and S. shortly after sunspot max¬ 
imum. In this zone the prominences occur moat frequently some 2 
years before maximum sunspot activity. 

The prommencea assume a great variety of forms. They may per¬ 
sist in a comparatively stable form for many months and then sud¬ 
denly develop into an eruptive type, when the whole prominence may 
be rapidly dissipated away into space with a speed of several hundred 
miles a second. 

In the vicinity of a large spot, particularly when it is in the stage 
of active development, n limited region of the sun’s surface may become 
intensely bright- The area of the region affected may be os great os a 
few Uiousand million square miles. Such a solar eruption or /fore (pL 
1, fig. 2), as the phenomenon is usually called, normally lasts for about 

sTosse—M— 
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45 minutes* The first recorded obsen^ation of one of tlieise flares was 
made by Carrington in 185!) and was described by him as follows; 

WTilTe in the forenooQ of ThctrrtlJir+ Set^tember 1+ 185&, In takfiig my 

fiiMtftmHry ohserratluji of the forms and positions of the ctoMr spoti!^ an appear- 
fliiL'e wag witiitweilp whkh I believe to be oieeedlni^ly rare. The Imilge of the 
fltin's disk wag, ag nsnal with me, projected on to a plate of j^lasg , . . 1 bad fie- 
eiired dia^ram^ of ail the groapg and detached gpota .., when, within the area 
of the ^rrerit north group (the Klie of which had pfevloiiflly e^edted general re¬ 
mark)« two patches of Intenaelr bright light broke out . . . My first Impre^on 
was that by gome chance a raj of ItRbt had (lenetrated a hole In the screen at- 
tacbed to the object-glaga ... for the brlUJancy was fiillj equal to that of direct 
sunlight; but. i . by causJng the Image to move ... I saw I wpg on noprepBred 
witness of a very different affidr, 1 thereupon noted down the time by the 
chronometer, and seeing the outburst to be jety rapidly oa the Increase, I hastily 
ran Ut call someone to witness the exhibition with me, aiid on returning within 
0(1 seconds, waft tnorttfied to find that it wag alrezidy much changed and enfeebled. 
Very pbortly afterwards tbe lagt trace w^as gone^ nnd although I mnlntalned n 
strict wBteh for nearly an hour, no mairrenee took place. The instant of the 
first ontburst was not 15 seconds iHfferont from 11.IS fi. M. T., and 11.23 was 
taken for the time of dlaappearfince. In the lapse of 5 minute^ the two patches 
of light traronsed a space of aboat 35.000 mUes ... It was Impossible, on first 
witnessing an appearahee po Bltnllnr to n niiddeti mndagratTcn, not to espeet a 
L-onalderahle rcgult in the w^aj of nlterutlnn of the detail^ of tbc group In which 
\t occurroil; and I was certalnTy gnrprised, on referring to the sketch which I 
bad carefolLy and wktlsfnetorLIy (and 1 may add fortunately) linisheil before the 
ocenrrence, at fluding myself unable to recognise any ebange whaterer as having 
taken piece, Tlie Impression left upon me Is, that the phenomenon took pi net' 
nt an elevation cerLsldorahly above the gem.'ral surface of the sunt and^ accordingly^ 
altogether above and over the great gronp In which It wan seen projected. 

Carrinf^ton, at tbtj meeting of the Koyal AatronomicAl Sticiety in 
November 1859, pointed otit that n moderate btit very marked mag¬ 
netic disturbance viaii jsbown cm the Kew magnetograins nt about 
11:20, September 1, of short dundion, and that toward four hours 
after midnight tliere comnicncod a great maguetic stomu \tliile the 
coritempora.ty occurrence might doserve notiiig, ho would uot have it 
supposed that he even leaned toward hastily coimectSn^ them. 

Carrington drew attention to two maguetio dkturhances; the first 
was of short duraticin and ^mohronized witli the observation of the 
onthiirst; tlie second followed some IT hours later and was a great 
uiagi’ietic storm. He evidently siispoeted that they were connected in 
some way witli the flatu. This su^^icion was no doubt suggested by 
the fact that a few years earlier Sabine and Wolf had independently 
found that there were similarities between the jjoriodic variations in 
sunspot frequency and the range of diurnal variation in differont 
components of the earth’s magnetic field, such as declination, hori- 
ssonial intensity^ and dip. 

The lower curre in figure 1 sliows t)i© diurnal variation in declina¬ 
tion as measured at Greenwich from 1874 to 1923 and since 1923 at 
the Abinger Magnetic Observatory. The smoothed curve for the 
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diurnal variation shows a striking' similarity to the cun e ot suusjjot 
frequency, the diurnal range hriirg from GO to lOO percent greater at 
sunspot maximum than at sunsfiot minimum. IVhen, however, tlie 
individual values of the sunspot areas and of the diurnal rango m 
declination are compnretl, the similarity is much Ics iipparent, as aviU 
b© sflfiii from tli© unsmootli^ cutvB. Tlie tliuriial chflnges of thfl tiU’Ui s 
magnettsm ars not therefore to bo attributed directly to the sixrta 
themselves, though they must be due to somo eilect originating in the 

The daily motion of a suspended msiguet iiccdlo is such that tiro 
needle [Mints to tJie east of its mean position in the mommg, moves 
westward dnring the dav, and nsturns during tlio nighL Some effect 
emanating from the sun'tmd i-eachingthe earth without sensible delay 
therefore appears to be involved. The passage of a large spot across 
the central meridian of the sun is often followed after a day or two 
by a magnetic storm, which suggests tliat an effect emanating from 
tlio sun r^chca the earth with a time lag of one or two days. The 
centra) meridian passago of a large spot is not invariably followed, 
lioivever, by a magnetic storm and, on the otlier lianJ, a storm may 
Occur when tliere is no spot on the smi. 

The ultraviolet light emitted by the sun causes photoionizstion (or 
splitting of molecules and atoms into free electrons and ions). There 
are two priticipiil ionized layers; the lower, called the E-layer, is at an 
avei-iige height of about 1'20 kilometers; the upper, called the F-hiyer, 
has tui average height of about 21*0 kilometers. During die daytime 
ttie F'layer frequently splits into two overlapping layers, referred 
to as the F^- and Fj-layers j the Fr layer is the higher, having an aver¬ 
age lu'iglit of about 300 kilometers, and is very diffuse. Tliero is also 
a third layer, known as the D-layer, which has an average height of 
about SO kilometers. The precise nature of tlie reactions taking place 
in these layers is not fully understood, though Uie photoionization by 
ultreviolet light from the sun of molecules of oxygen and nitrx^n 
undoubtedly plays an important role. These ionized layers ™llec- 
tivelv form what is termed tbe iwaosphere. Radio waves are able to 
travel round the curved surface of the earth liceause tliey are reflected 
bv one or anoUier of the ionized layers and prevented from escaping 
into space, J/ias waves, of wavelength from about 000 meters 
are reflected principally by Uie D-laycr, medium waves of wavele^hs 
between about 2M and 600 meters principally by the Edayer, wJule Uie 
shoit waves of wavelengtlis from about 10 to 200 meters are reflected 
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E-layer; those of liigher frequency are able to pencrate both the D- 
and E-layers but are reSectcd by the F-layer. Waves of very high 
frequency pass through all three layers. The critical frequencies 
beyond which reflection no longer occurs are subj^ to marked solar 
control They depend not only on the daily and ^osonul variations in 
the Bun^fl altitude but also vary in sympathy with the frequency of 
sunspots. T!ie dependence upon sunspot frequen<^ implies a varia¬ 
tion tlirough the sunspot cycle in the degree of ionisation in each layer 
and therefore also in the intensity of the radiation from the sun in the 
far ultraviolet, which is responsible for the photoioni^tion; this 
radiation must be much more intense at sunspot mtusimum than at 
minimum, in order to account for the observed variation through the 
sunspot cycle in the critical frequenciess. 

Tile diumal variations in the earth's magnetic field are associated 
with this ionizationi For simplification we need consider only the 
lower and more important layer. It has a diurnal motion, due In part 
to its heating hj the sun and consequent expansion and in part to the 
tidal action of the sun on the atmosphere, Tlie layer, because of its 
strong ionization, is electrically inducting and behaves somewhat 
like a metaUic conductor. Its diurnal motion in the earth's magnetic 
field therefore causes, by induction^ an olectric-current system, which 
may amount to many tl^ousands of amperes, to circulate in it. This 
current system can be regarded as fixed with respect to the direction 
carth-aun, relative to which the earth ifscl f is rotating. The magnetic 
effect of the current system at any point of the earth's surface tlverefore 
varies as the earth rotates, prexiucing the diumal variations in tlie 
earth's magnetic field. The correlation between the mean ainpUtude 
of the diumal variation and the mean sunspot frequency is further 
evzdence of a variation through the sunspot cycle in the emission of 
ultraviolet light by the sun. At sunspot maximum the emission in the 
for ultraviolet is of the order of 60 percent greater thiiu at sunspot 
minimum. The close correlation between sunspot frequency and the 
rate of emission of ultraviolet light must be due to some underlying 
raise to which sunspots themselves are directly relate^L 

Carrington had noted that a moderate but very marked magnetic 
disturbance had occurred at the time of tlie bright flare which he had 
ob^ved and that it had been followeii s<sme IT honr^ later by a great 
magnetic storm. With true scientific caution, tliough he suspected 
that these phenomena were related, he remarked that “one swallow 
does not make a summer ” This same ^ucnce of events has, however, 
been found to follow many intense flares in recent yeare^ Carrington's 
observation of a flare in integratod light is almost unique | it is ea- 
tremeJy rare for a flare to be so intense that it can be seen by ordinary 
vismd observation of the sun. The flares are best observed in the light 
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of the Htt line of hydrogen, cither visually with the ^troheliosco^ 
or photographically with the aid of a monochromatic filter or with the 

spcctroheliograph. ,, , . , v * ■ 

A characteristio magnetic disturbance which is termed a crochet is 
found to be associated with each intense flare. The amplitude of this 
magnetic disturbance is comparable with the amplitude of the nonnal 
diurnal magnetie variation. These crochets are better observed at 
places near the magnetic equator than at places in higher ni^etic 
latitudes; tiiis is understandable, as the effect on the ionospbene ear- 
rent system tends to be greatest near the snbsolar point. The 
of ultraviolet light from a very bright flare is thus comparable with 
the normal emission from the whole of the sun’s disk. ^Thote is conse¬ 
quently a great enhancement of ultraviolet light radiation from the 
sun during a flare, which gives rise to greater ionization m the iono¬ 
sphere. The crochet is tlie magnetic ofFHSet associated with this in- 
crC4iscd ionimtiorij arising f rom ft great enhancement in thn strength of 
the electric-current system in the ionosphere. 

It is found that when a bright flare occurs on the sun th€^ is a 
practically simnltaneous f adeout in short-wave radio transmissions on 
channels pasring over the sunlit hemispbero of tho earth. The trans¬ 
missions over the dark hemisphere remain unaffected. Tbe enhanced 
emission of ultraviolet light from the sun, which occurs while tho flare 
is in progress, causes the photoioiiization to extend to e mu^ lower 
level, where the atmospheric density is much greater. The radio waves 
are then absorbed instead of being reflected and the phenomenon of a 
radio fadeout oocars. The suddauness with which a fadwut develops 
is very striking: in the course of a few ^onds the radio waves can 
fade from normal intensity to complete inaudibility. This is a con¬ 
sequence of the citrome rapidity with which the outburst develops. 

A secondary effect associated with the flare outburst is an ^banco- 
ment in tJio reflection of the very long waves reflected by the D-Iajer, 
which is a consequence of the increased ionization m this layer pro¬ 
duced by tlie flare. The occurrenee of a flare is thus accompanied fay 
a sudden enhancement of the atmospherics which come to us mainly 
from the tropical regions where thunderstorms are most numerous. 
Thunderstorms are occurring throughout the 24 hours ^mew ere or 
other on the earth; a receiver which records the integrated mtensi j 
the atmospherics will show a sharp increase in intensity when a flare 
oocure. Such receivers Imve been built and provide a simple means of 
recording and timing the occurrence of flares whic ^ « 

served b^use of cloudy weather and, if the weather is not cl^, of 
enabling observations of n flare to be secured du^g i progre®, 
the sun was not already under observation at the time. 
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Carrington nsmarked that a great niagnotic storm commenced at an 
interval of about 17 hours after he had obsent'ed the flare. Many other 
instance of magnetic storms following flares after an interval of 
IB to 30 hours have since been observed. But not every flare is fol¬ 
lowed by a magnetic storm; for a storm to develop the flare must occur 
in a re^on of the sun that is not at a great distance from the central 
meridian. The time interval between the two phenomena indicates 
that the storm is produced by an effect that travels from the sun with 
a speed of the onler of 1,000 to 1,500 miles a second. This is now 
known to Irj corpuscular or particle emission from the sun. Tlie 
stream of particles is emitteiLl in a direction nearly normal to the sur¬ 
face and will not meet tlie earth unless the region from which it is 
emitted is near to the central meridian. 

A magnetic storm usually begins suddenly and at the same time all 
over the earth. Its duration is normally between one and two days. 
The intensity of the magnetic disturbance during a magnetic storm 
increases wdtli magnetic latitude. In sufficiently high latitudes a 
bright auroral display is invariably seen during a magnetic storm 
and the most brilliant iieriods of the display synchronize with the 
niost rapid and violent movements of the magnetic needle. Aurorae 
occur most frequently in a belt widi a radius of about 23“, centered 
at each magnetic pole, a further indication of their relationship with 
tiiB earth's magnetism. Tlio frequencies of both magnetic storms and 
of aurorae increase and decrease with the increase and deci^ase in the 
frequeticy of sunspots. The coqmscular stream emitted from the sun, 
though on the whole electrically neutral, contains charged particles. 
As these particles approach the earth, they are deflected by the earth’s 
magnetic field toward the magnetic poles. Wlien they enter the earth’s 
atmosphere, the electrical effects produced are seen as an auroral dis¬ 
play, wlulo the magnetic effects give rise to the phenomenon of a 
magnetic storm. During the magnetic storm there is widespread 
interference with radio propagation, which, unlike the radio fadeouts 
associated with solar flares, is not limited to the sunlit half of the 
earth. 

The magnetic storm disturbance is attribute^! to an intense electrio- 
cuirent system circulating mainly within the ionosphere, but possibly 
in part also oiitaide the earth’s utmoaphere. This current system is 
about one thousand times more intense than that which protlucea the 
normal diurnal variation. Tlie cuntnts are intense across the polar 
cap and particularly so over the zones of maximum auroral frequency, 
and they do not show the marked difference of intensity between the 
sunlit and dark lienu'spheres that chanicterixes the current siystem 
responsible for the diurnal variation. There is also evidence of an 
intense current flow over the magnetic equator. The phenomena whidi 
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accompany a storm Bro of great comple^ity and although they can 
be accounted for in their broad outlines, there is not as yet any com¬ 
pletely satisfactory theory of magnetic storms. 

There are some significant differences between great magnetic 
storms and siuaHer storms. A great stonii is almost always asociatcfl 
with ft large suns[M>t and usually occurs within a day or two of tho 
jjflssage of the sixit across the central meridian. It is often precedctl 
about a day previously by a bright Hare. 

Tlie smaller storms may be, but usually are not, associated with a 
fcunaiiot. They may occur when no siiot is to be seen on the disk. 

the great storms, the small storms must be produced by corpus¬ 
cular emission from the sunj the etuission must sometimes, therefore, 
take place from regions where there is no visible spot. The frequency 
of great storms correlates very closely with tho sunspot frequency ^ 
the smaller storms, however, reach a mastimum a year or two after 
t^unspot mazimum and show ft pronounced lag, as compared with the 
sunspots, during the period of decreasing sunspot fi\*quciicy. Small 
storms often occur within the two years precetling sunspot minimum, 
when sunspots are few. 

Both magnetic storms and aurorae show a tendency to recur after 
27 days, which is upprozinmtely the perifxi of rotation of tho sun 
relative to the earth. This is to be expected if the particle radiation 
from the sun is produced by a cause which persists for longer than 27 
days. A great storm, how'ever, is very rarely followed by appreciable 
disturbance after & 2T-day interval, while a small storm may have 
Several recurrences at 2i-ilaj' intervals. Tho small storms are on the 
whole lunger lived than the great storms. It seems then that tlie 
mechanism which givea rise to the small storms is essentially difTcrciiL 
from that which gives rise to the great stoniiB. Tho small storins 
mostly come from areas of long-lived disturbance. A connection with 
filaments which, ns we have seen, are also longdi ved, has been s^pected. 

Another solar phenomenon which is intimately linked with large 
sunspots, Solar flares, and radio fadeouts is the emission 1^ tlie sun of 
radiation in the centimeter and metor wavelengths. During the solar 
maximum of many radio amateurs reported a troublesome 

hiss in tlieir lO-meter receivers, wliich they found to be associated with 
periods of Bolnr activity. At various times during the last war radar 
transmitting anil receiving installations recorded strong sources of 
noise which were at first thought to arise from enemy interference but 
which, on further investigation, w'ere found to occur only when the 
aerial was directed toward the sun. As tho sun radiates approxi¬ 
mately as a black body with a temperature of alxmt 6,000* K., some 
radiation in radio wavelengths is to be expected. But die int*ns'^' 
of such radiation would be very far below that which could ho detected 
with the most sensitive short-wave receivers avniloble. 
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Since the end of the war the radiation from the sim on nudia ware- 
lengths has been extenstvelj mrestigated. It proves to be comple:^ in 
nature. There is radiation from the normal quiet sun, and much more 
intense radiation associated with various aspects of the active sun. 

The radiation from the normal quiet sun is much more intense than 
G€Ln he attributed to a block body with a temperature of 6,000*’ K. The 
intensity of the radiation on wavelengths from one centimeter to 
several meters has been measured. It is usual to express the intensity 
at any wavelength in terms of the elFective temperature of a black 
body tltat would emit radiation of the observed intensity at that wave- 
lengtlt. Expressed in this way it is found that the edective tempera¬ 
ture required to generate the centimeter waves is about 10,000® K., 
and that with increase in wavelength the effective tenT[>erature rapidly 
increases, so that a temperature exceeding 1,000,1000® K. is required 
to account for the observed intensity ut wavelengths of several meters. 

When a large sunspot appears on the disk of the sun the radiation 
in radio wavelengths is much enhanced; Its greatest intensity exs^urs 
at about the time of central meridian transit of the spot. The radia¬ 
tion is found to be circularly polarised, which suggests tliat it is con¬ 
nected m some way with tlie magnetic field associated with the spot 
Wlienever a flare occurs an outburst of radiation on radio wavelengths 
is produced, which is of a temporary character, lasting for several 
minutes only. Such outbursts do not ocenr simnltaneously with the 
peak intensity of the flare but foUow it with a lag of eeverni minutes. 
This lag is not the some at all wavelengths or frequencies but is greater 
on the lower fretiuencies. Tlie outburst occurs first on the short waves 
of high frequency and then on the longer waves, with lags increasing 
progressively with the wavelength. This suggests that there is an 
affect that travels outward from the sum 

The key to the solution of many of the perplexing problems wluch 
the sun proents will ultimately be provided by the corona, the faint 
tenuous appendage to the sun which extends outward from the sun for 
more than two mi Uion mi lea. Until recent years the corona, because 
of its faintness, could be observed only on the rare occasions ef a to tal 
eclipse of the sun. But Lyot has shown that by making observations 
under favorable conditions at a high altitude, when the scattering of 
sunlight by the atmosphere of the earth is much reduced, and by 
careful design and construction of apparatns, so as to eliminate instru- 
mentai Bcattering, it is posible to see the corona by producing an 
artificial eclipse. The shape and structure of the corona change 
through the sunspot cycle. At sunspot minimum, there ate long equa¬ 
torial streaitte and, in the polar r^ons, short plnmes or tufts; at 
sunspot maximum the corona shows a more tmiform distribution. 
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The great extension of the corona implies a rat© of decrees© of 
density outward about 500 times slower than that in the sun’s photO' 
sphere. The only logical explanation of such a smaU density gradient 
is that the coronal teimparature is extremely high. It may be inferred 
that it is at least one million degrees, ns compared with the sun^ effec¬ 
tive temperature of about 0,000°. This conclusion may seem absurd 
at hrst sight, but there Is ample corroborative evidence. The corona 
gives a continuous spectrum, on which are superposed a number of 
bright lines; none of these lines has ever been observed terrestrially, 
nor, until the last few years, had they ever been detected in the spec¬ 
trum of any other celestial body. Tlteir origin was one of the major 
unsolved problems of astronomy. In 1942 Edleu showed that the 
principal lines were due to atoms of iron, nickel, and calcium from 
which a large number of electrons—from 9 to 13—had been stripped. 
To produce such a high degree of ionization, a correspondingly large 
amoont of energy is needed, and this in turn retiuires a high tempera¬ 
ture of til© order of one million degrees. This high temperatura pro¬ 
vides am explanation, moreover, of why the Fraunhofer lines of the 
solar spectrum are al^nt from the caronn. The velocities of the elec¬ 
trons in tJw corona arc, because of its high temperature, so large that 
the absorption lines are broadened through tlie Doppler effect to a 
width of about 100 angstroms and are, therefore, completely washed 
out. On the other hand, the velocities of the iron lUid nickel ions, 
because of their greater mass, are only of the order of 20 km. a second ; 
die width of the coronal emission lines sliould therefore be about one 
angstrom, which ogreE^s closely with observation. 

Tlio radiation from the sun Itself has maximum intensity at a wavo- 
length of about 5,000 A., whereas the radiation from the corona has 
maximum intensity at about 30 A. and thus consists largely of X-mys. 
In the visible region the radiation from the sun is about lO* times that 
from the corona, but at a wavelength of 000 A. the radiation from the 
corona is about 10* times that from the sun. It is the radiation of 
about this w avelengtli that is responsible for tlie ionization in the 
earth’s atmosphere, so producing the lonospliere. Tlieoretical investi¬ 
gations have led to the conclusion that the observed degree of ioniza¬ 
tion in tlie E-layer of the Ionosphere rw^uires radiation whoso intensity 
is of the order of 10* that of a black body of a temperature 6,000® K. 
This high intensity of radiation, which at first appeared puzzling, is 
readily accounted for by the high temperature of tJie corona. Tlie 
radiation on radio wavelengths emitted by the normal ijuiet sun is also 
explained by the high coronal temperature; its source is in the corona 
and not In the sun iteelf. 

There has been much speculation about the mechanism by wliicb the 
high temperature of the corona is maiatained. One theory attributes 
it to the infall of interstellar dust, the kinetic energy of the dust par- 
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tides being distributed as heat throughout th^ coronal matter. An- 
other vhv: is that it is produced by magnetic processes, associated with 
magnetic helds on the sun and tJie emission of kigli-speed particles^ the 
corona [jo^ssihly being heated by electric currents flowing within it. A 
tiiird suggi?stion is that sound waves are generated by tlie turbulent 
motion of gases in the sun's atmosphere and that as th^ waves move 
outward into more tenuous regions they develop into shock waTes, 
which pix>duce the high temperature of the corona. Those alternative 
views are all very tentative; no completely satisfactory explanation of 
the high coronal temi>emture lias yet been given. 

The increase in effectiVO teniperature from centimeter to meter wave- 
lengtiis that is rec]Hired to account for the observed intensities of radia- 
!ion on radio wavelengths from the quiet sun, can be explained on the 
assumption that the centinieter weaves originate in the level just above 
the visible surface of the sun, while the meter wavsss originate at a 
much greater height, wliere the temperature is much higher* If XhoBe 
latter waves were generated near the surface of the sun they would be 
absorbed and would be unable to escape into space. There is in fact 
for each level above the surface an appropriate critical frequency of 
escape, wliich progressively increases as we penetrate dee[jer and deeper 
through the corona tow ard the visible surface of the sun. 

The increase in the lag between the visible flash and the radio out¬ 
burst amimpanying a flare, ns the frequency decreases and the wave- 
lengtlx increases, is an indication, as already mentioned, of some effect 
tliiit travels outward from the sun. It is probable that a stream of 
[jurticlcs is shot out with high velocity when the flare occurs and tliat 
as the stream passes outward through the corona the lughly ioniised 
gas is set into oscillation and radio waves are emitted of wavelengtiis 
which are appropriate to the electron density at the particular height 
readied by the stream. TTe should est>ect tlie radiations of very high 
frequency to be excited firsts then, as the stream moves outward, radia¬ 
tions of progressively diminishing frefiuency to be excited. Tliis is in 
agreement with wliat is actually observed* 

There arc many problems presented by the sun which are as yet 
unsolved. The corona probably holda the key to many of the hidden 
mysteries. Further ol?servations, supplemented by tlieoretirel investi' 
gfttions, are required before a complete and satisfactory explanation 
can be provided Intensive observations of the sun wdll be made at 
many obserMitoHos tluring the International Geophyaical Year, w hen 
the sun will be at or near its maximum suns[>ot activity; during the 
same ijeriod there will be w orldwide ol>servations of ionospheric^ geo¬ 
magnetic, auroral, and other phenomena. The coordination of the 
solar and terrestrial observations will lead, it is fioi>cd, to a moi^ com¬ 
plete understanding of phenomena occurring on the sun and of the 
manner in wliich the a^ssocinted terrestrial effects are produced. 


Forty Years of Aeronautical Research 


By J. C UijNSAKE^B 
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R^gtnt, Smiihutnunt t/tmiiution 


I With 10 ] 

Betoretiie Waldirrs’ aiiipLuItj b bIjEW, hK the eleinerits of tiie airplutie 
wer^ kDovrn; wings, rudders, engine, and pitipeller. The rights 
showed iiew to combine a man^s senses and tefieses with tlie controls of 
a machine to make the machine both controllable about its atti¬ 
tude of equilibrium and steerable as desired, Tlie secret of flight was 
manual control, in a three-diniensional fluid medium, in accordance 
with visual signals (the pilot’s view of tlie ground and observation of 
his attitude relative to it—fised axes of reference), and monitored by 
i-isaal observation of the response to his control actions (feedback). 
Tlie Wrights’ airplane was, howev*er, like the Wrigilts’ bicycles, in- 
lierently unstable and was controllable only when it had siiflicient for¬ 
ward speed. Controlled by the sight, brain, nerves, and muscles of man, 
the Wrights’ unstable vehicle was the first practical flying ninehinc in 
the historv' of Iho world! 

The Wright airplane was quick to respond to control action because 
it had no righting tendency if disturbed. The pilot was expected to 
act at once to recover from anj’ disturbance of o<iuilibrium. 1 here was 
no lixed tail to pusli it into a safe glide if the engine stopped. 

The early pioneers of flight worked with gliders and with ^If-ino- 
pelled models. Tliej' strove for inlierent stability and conceived the 
ideal to be an inherently stable flj'ing platform on which the inlot 
need do no niore than steer. Penaud’s model gliders of t he 1870 'h, with 
long tails, were stable^ Ijanchester develo[>e<l pi'ior to 1008 a theory 
of dynamical stability for his model “aerodromes”; Langley Hew stable 
steam-powered models in 1890, and liryan m ISO."? piihiished^ the d)’- 
namical equations of motion for a glider, and criteria for inherent 
iftabiUty. In all cases, stability was found to require a tail ami slightly 
elevated wing tips. 

As might be expected from complete and constant de^wndence on one 
man's sometimes defective judgments and reactions, tlio Wright air- 
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plane could be tricky <uid even dangerous, especially in rough air. 
Furthermore, tlie gasoline engines of die day were notoriously unre¬ 
liable. As a result of what later canie to he known as the stall, Wright 
airplanes too often dived into tlio ground out of control. TTie press 
blamed it on an “air pocket" or ‘‘hole in the air." 

Kuropean airplane builders wore prompt to copy the Wrights’ sys- 
tem of control but soon discovered the dangers of instability. They 
nlMxndoned tlie Wrights' form of structure but retained their system of 
controls on airplanes shaped more like successful gliders. 

The world was astoniahed in 1000 when Louis Bleriot ilow* across 
the English Channe] in his little monoplants. It had a long tall, tractor 
propeller, and wheeled landing gear. It was, in fact, t!ie prototype of 
the airplanes of the next 20 years. 

After 1010, with the mounting tension of approaching war, aero¬ 
nautical development in Britain, France, Germany, Austria, Russia, 
and Italy was intensively pushed. Scientists, engineers, and indus^ 
trialists were encouraged by their governments to devote their skills 
and resources to the new art. European progress was rapid, and at 
times spectacular. 

While dovelopment of the airplane in the United States was de¬ 
pendent largely upon the efforts of a host of amateur inventors, there 
was in Europe a quick recognition of tlie gains to bo had from aero¬ 
nautical laboratories staffed by competent engineers. 

The French were among the first to utiUae scientific techniques in 
aeronautics. Tlie army’s aeronautical laboratory at Clmlais-Meudon 
and Gustav Eiffel’s private wind tunnel clarified some of the prin¬ 
ciples of powered Hight. As early os 1904 Riabouchinski had an 
aeronautical laborotoiy in Koutchlno, Russia, and the same year 
Ludwig Prandtl began his classic aerodynamic research at Gottin<qm 
Universify, Germany. After 1908, German aeronautical work'’os 
rapidly expanded, first at Gottingen and later at the government es¬ 
tablishment at Adlersliof, near Berlin. Italy provided an aero¬ 
dynamics laboratory for her Specialist Brigade of Engineers. 

Great Britain was relatively late in undertaking a national pro¬ 
gram of aeronautical research. How'cver, Great Britain could record 
a full century of experiment In the first half of the nineteenth 
ccntuiy, Sir George Cayley had made important contributions, and 
Stringfellow and Henson had succeeded, as early as 1848, in flying 
a steam-powered monoplane model a distance of 120 feet- In 180C 
the Aeronautical Society of Great Britain was formed; it served to 
stimulate research and experiment by individuals, and to provide a 
fbnim for interchange of infonnation, Wenham (the Society’s fiKt 
president) and Phillips we™ tim first to derise and use wind tunned 

After the public demonstration of practical liuman flight by Wilbur 
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Wright on his ID08 vidt to Franco and Bleriot’s 1909 cross-chamiel 
flight, tho British Pritno Minister was moved to appoint an Advisory 
Committee for Aeronantics with the groat phjsicist Lord Boyleigh 
os chairman. 

During this some period the United States made no special efforL 
The Army Signal Corps bought a few airplanes to train pilots and 
the Wavy set up a flying sdioo] equipped with Grlenn Curtiss seaploneo. 
When World War I erupted in 1914 it wna reported that France had 

I, 400 airplanes, Germany 1,000, Kussia 800, Great Britain 400, and the 
United States S31 

DRIVE FDR A NATIONAL LABORATORY 

The backward position of the United States in the application of 
applied science to tliis new art was realized by a growing list of promi¬ 
nent Americans who believc<l the situation was not only a national 
disgrace, but a possible danger to our security. Mors Americans, in¬ 
cluding the leaders in Congress, were strong for neutrality, and felt 
that any special government concern with aeronautical development 
might imply belligerent intentions. 

Capt. W. I. Cliambcrs, USST, oiBcer-m-clmrgc of naval-aviation 
experiments, proposed iu 1911 tliat a national aeronautical research 
laboratory be set up under the SmitlisonJan Institution. Along with 
objections by both the War and Navy Departments, the plan was re¬ 
ferred to President Taft’s Conmuttee on Economy and Efficiency, 
from which it was never returned, 

Two men who were more influential in the drive for a national aero¬ 
nautical laboratory were Alexander Graham Bell and Charles 
Doolittle Walcott. Tho former, ns a regent of tho Smithsonian In¬ 
stitution, had been a supporter of T^ngley and had experimented with 
the lifting capabilities of kites. With Bell he formed the Aerial 
Experiment Association in 1907 to support tho airplane experiments 
of Glenn Curtiss, Lt, T, E, Selfridge, F. W. ("Casey”) Baldwin, and 

J. A. D. McCurdy. Their efforts resulted in the development of the 
Curtiss biplanes and the use of ailerons to replace the Wrights’ wing 
warping for lateral control. 

Dr. Walcott was no aeronnntical scientist; bis held was geology. 
But Dr. Walcott, as successor to Professor Langley os Secretaiy of the 
Smithsonian, was determined that the Institution shonld resume its 
position as a leader of aeronautical sciencso in America, How hotter 
than to have tho new aeronautical laboratory attached to the 
Smithsonian 1 

Tho tetablishment of a national ncroJiautical laboratory was pressed 
by members of the National Academy of Sciences, notably by Bell 
and 'It^alcotL The Academy had been created by Congress during 
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tlvo Civil W^r and had tho duty of giving advice to the GoTemioeiit^ 
wh^n asted. Tl^e Academy, iia a body, was not asked for advice on 
this nmtteiTj but members npiJCur to have been influential in per- 
ftmuiing President Taft to appoint on DccemWr 10, 1012, a 10-man 
coriunission to coosider such a national liiboralory and its scope, or- 
piinizationi and cost, and to make a reconmieadatioa to the Congress. 

The President's Commission was beaded by Dr, H. S. Woodward 
of the National Academy of Science and the Carnegie Institution of 
IVashington and incltided Dr* Walcott. The Army, Xavy, Weather 
Bureau, and Bureau of Standards were represented, as well as inter- 
estetl civilians. The Commission recommended that the laboratory 
be cstablislaKl in Washington and administered by the regents of the 
SmUhsonian Institution. President Mad an r in of the Mii^achusetts 
Institute of Tedmology objecteil to the location at Washington, wbidi 
the majority report favored as '^^conveniently accessible to statesnien 
of the National Government who may wish to witness aeroplane 
demon St rations.^' 

^Unfortunately, ihe Presitlent hud appointed the Commission w Ith- 
out '"the advice and consent of the Senate*^ Authorizing legisliition 
failed to get ununimous consent and the Commission's report was 
burie<] In the archives. 

Probably as a r^lt of his service with the President’a CommiEsion, 
President Madimrin in May lOlti persuaded the Cor^mrEition of 
M. I. T. to authoriKc a graduate course in aeronautical engineering and 
n wind tunnel for aercxlynaniic research in the Department of Naval 
Arehitectiire. Ho i^cquested the Secretary of the Navy to detail an 
oflicer of tlie Construction Corps fco take charge. Tlie writer was so 
detailed for 3 yeare. 

At alKiiit the same time, the Smithsonian regents decided to i^iien 
3.!iiigley\s old labomtorj-, w itii Dr. Albert P, Ziihm in charge. It was 
arranged by Walcott and Machiurin to send Zalim and ITunsaker 
abroad, armed with personal introiluctiotis to scientific friends. Their 
objective was to visit the principal aeronautical research laboratories 
and, as far as ixissible, to learn how to operate the special facilities 
and equipment in use there with a view to diiidicatiiig them in this 
count rj^ 

Visits were made to the. Pfjyul Aireraft F.actoi^', the National 
Physical Lnboratory, and Cambridge Tnivereity in England; to the 
Si, Cyr, Clialais-ireudon, and Eiffel Laboratories b Frjince; and to 
the Deutsche Versuchsanstalt fiir Luftfahrt and Gottingen Univer¬ 
sity b Germany. In 1&13, security restrictions did not apply to 
scientific and engineering work and the visitors were cordially re- 
ceivetl In fact, the ifassachusetts Institute of Technology' "later 
built ilfi wind tunnel from drawings s^iipplicd by Sir Richard Glaze- 
brook of the N, P* L. and had the N* P, L. aerodynamic balances dupli- 
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CO ted by S\r Horace DaiTvin’s Cambridge scientific instrument shops. 

Dr, Zahin^s report^ published by the Smithsonian in 1014, made 
clear the width of the gap i>etwecn European and American i>osiLions 
in aeronautical science. This report had an important influence on tlie 
decision of the SmithsoinEin regents in 1015 to memorialize the Coti^ 
stress once again on the subject of a national aeronautical laboratory. 

Woodrow WiJson approved the Smithsonian plan of reopening 
Liiiigley’S laboratory with representatives of the War, Navy^ Agricul- 
tiiii^ and Cojumerce Depiirl inents serving on an Advisory C.^oniinittee, 
However, tlie Comptrancr ruled that, under tin Act o£ 1D09, such im 
Advisory Coinmittce couhl not serve without tlie authority of the 
Congress, 

On December 10, 1914, the Chancellor of the Smithsonian, Chief 
Justice White, appointed Dr, .Uesander Graham Bell; Senator ’Wil¬ 
liam J. Stone of Alissouri; Representative Ernest W, Roberts of 
Alassachitsetbi, and John B. Henderson, Jr., regents; anti Dr, Walcott, 
Secretary, lo consider once again ''questions relative to the T^aiiglcy 
Aei-odynamical IjibyratoryJ- On Febiuary 1, 1D15, a "memurial on 
ihe need for a National Advisory Committee lor Aeronautics” w'os 
delivered to the Speaker of the House, Pertinent sentences from the 
memorial follow: 

Till!* ciitiJitrjr led hi tiie eurl}^ iltdTelciiinient iif hi^^ier-iliaa-alr iiijichineH. 
Today It Is far behind. ... A Xatlonal Advisory 

cannot fail to of Incstliuable service In ibe developtnent o£ tbe art of nvhLElun 
in America. Sueb n cwhiniitteep to elTecUve^ sboiiid bo t^rmauent and attract 
Id Its iu™S>erjaliil|> iho moat highly trailed mt‘n in the art of nvlntlaa. , , , 
Tbrousb Uie agoiicy of pubcomniittco!<i tbi* main odvjKorj cammltlce cotiltl avail 
itaclC €»f the advice and sjug^estfoOET of o largEj number of technical and practical 
mea. , , , The aeronaiiticul eomailttcc ehnuM ndvJse In reJaUoa to the worlt 
Df the -Governnient in aeronautics and the twirdlnatlon of tbe activities of fjov- 
eru mental oud private la bora tori efit tu which questlutw ctnicerued witb tbe study 
of tbe iirDblems of aeronautics can be espertnientatiy luvestlgated, 

TliB Navy heartily endorsed the idea in a letter dated February 13 
Btgticil bj Finnklin IX lioosevcU as Acting Secretary. 

ESTABLISttlliEM OF KACA 

The Joint Sesolution establisliiiig the Advisory Comiuitteo and 
author)?4ng the President to appoint its 12 members was given Itnal 
form in February. Tlie people of the IJnitod States were nt tlie time 
generally anxious to avoid involvetnent in what was then called the 
War in Euroi>e. Pix'SideiU Wilson is said to have felt that I he eatal>' 
lishmcnt of a new aeronautical enterprise might reflect on American 
neutrality. Such reasoning may explain why the Besolution was nt- 
tached to the Kaval Appropriation Hill; iMrhapa a more likely reason 
was that in the rush to clear the legislative ‘"log junr’ by March +, the 
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dAt* for adjoumirtent of tJio Congress, EepresentatiTe Roberts, 
Smithsonian regent, had found it simpler to effect its adoption by 
introducing the measure, as a rider to the Naval Appropriation Bill, in 
tiia Committee on Naval Affairs, of which he was a member. 

Following is the provimon in the Naval Appropriations Act, 
approved March 3,1915: 

An Aiirlfidf j Committee for AeroiuiuUis ifl hereby establLslicd, imd tbe Presi¬ 
dent Id Bi]tbori2«d t» appoint not to exceed twetTe m^rmbets, to consist of two 
menil^rs from the War Department, from the ofliee In diarize of military aero- 
naotlcs^ two membei's trom the Navy DepdrtnEODti from the office In charst 
of OATSl peronantlcB; a repreaootAtlTo eaeb of the Smlthaonlan inatitatloii, 
of the U&lled Stotes Wither Bnreuu, and of Oi^ United Stales Bureau of 
Btandflrda; together with not more tlian fire additional persons who shall be 
acquainted with the needs of aeronautical sdence;, either cItH or mllitaryp or 
billed In aeranadtlcal engineering or ira allied scleocea: Provldei^.^ That the 
aiembera of the AdTtBory Cknnmlttee for Aeroaautiodp as sttcb, shAll aerve 
without compenHotion : Prorlded further^ That It ahull be the duty of the Ad tie- 
ory Conunlttee for Aeronautics to adsfcerTtse oad direct ihe scieniiflo tindy of 
pmtJem* 0 / ^i£rAf| viih a vicm io their practkQt $elution^ and to deUrmine tM 
profifetns* which should be experlasentally attaekedp and lo ditcars their lOfs- 
and fheir appUastion to preciicni qusjffoiw. Id tbe etent of a laboratory 
or laboratories, either to whole or In part, being placed iinder the tHrecilon of 
the committee, the committee may direct and conduct rt^arch and esporlmeat 
la aeronautics in soeb laboratory or Inboratorlea: And [rrorJded furtber^ That 
rates and regulations for tbe conduct of the work of the eomiuittes shall be 
formuSated by the cominUtce and approved by ihe Preatdoat 

That the sum of S5,000 a year, or so aach thereof as may be aeeessarft for 
fire yeara U hereby appropriated, out of any money la the Treasury not other¬ 
wise appropriated, to he ImmedlDtely avaUable, for expertmeatal work and 
Investigations undertukca by tlie eommltteep clerical expenses and snppUea» 
and necessary expanses of members of tbe committee in going to, retnrulng 
from, and while at tend lug meetings of the committee: Provided, Ttiat an aunaal 
report to the Congress shall he anbmilted tbrough the Ptesidentp lEicludlng an 
itemized statement of extieadlLiirea. 

This language establishing the NACA closely followed that used 
by the British Piume Minister when he annoimeed the fermatioii of 
a aimilar committee to the House of Commons on May 1009, in the 
following words: 

It la no part of the general daty of the Advisory Comtnlttea for Aerannutlcu 
either to construct or to Invent Its function is not lo Initiate but to consider 
wbat if LnltJated elsewhere^ and is referred to It by tbe ex^entlvo offices of the 
Navy and Army constmetion doportnienta. The problema wMch are lively to 
arise in this way for solnUon are numerous, and it will be the wort of the com- 
mllUe to advise on these prpblems and to seek their solution fay the appUcatlan 
flf both theoretical and experimental methods of teSGorqb, 

The work dcHlred thus falls Into three sections: (IJ The $deni{fle *tvdt^ of 
the prahlemM of fiipht, with a P$rw to their practical solatlofw {2} Eesmrch 
and oxpertm ent Into these subjects la a properly equipped laboratory with a 


^ Italics In this and the fallow Jag quotation supplied by tbe antbor for emphasis. 
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tnlneil itaff- Tlia coastruclltm and use o( dlrlBlblea end eeroplftties, bftTlng 
reenril mainly to their employment In war. 

The A(l?tBe)rT Committee are to deal with the first secHoti. and alM te (Tcier- 
fulne <fle ptoWem* wlileh Oie esporlmenCol branrh should attnclf. and dJsciWs ffteir 
fotullons ond their appRcntton fo praerfeat cweidTHM. The setond section repre¬ 
sents the work referred to the lohoratory <tlia National I'hyslcal Ijilwratory). 
whUo tlte duties coactrued with the third section remain with ttic AdmlraltT 
the AVer Offlee, 

On April 2,1916, President IVoodrow Wilson appointed to the new 
Committee: Prof. Joseph S. /Vines, of the Physics Department of 
Johns Hopkins University; Capt. Mark L, Bristol, USN", Director of 
Naval Aeronautics, Navy Department; Prof. William P. Durand, of 
the Bngiiieering Departmont of r^eland Stanford University; Prof- 
Jolm F, Hflyfotd of the Engineering Department of Northwcatcm 
University; Dr. Charles F. ilarviii, Chief of the U. S. rather 
Bureau; Hon. Byron R, Newton, Assistant Secretary of the Treasury; 
Prof. Afkhael I. Ptipin of the Physics Department of Columbia Uni¬ 
versity; Lt. Col. Samuel Reber, USA, Ofllcer-in-Cliarge, Aviation 
Section of the Signal Corps, War Department; Naval Constructor 
Holden C. Richardson, USN, Department of Construction and Repair, 
Washington Navy Yard; Brig. Gen. George P. Scriven, USA, Chief 
Signal ODicer, War Department; Dr. Samuel W. Stratton, Director, 
National Bureauof Standards; and Dr. Cliarlcs D. Walcott, Secretary, 


S mithsonian Institution. 

Of the initial 12 members, 6 were members of the National Academy 
of Sciences (within the period of tlieir NACA membership). It is 
of interest to note that for 40 years alt chairmen of tlio NACA ex¬ 
cept the firat, General Scriven, have been members of tlie National 
Academy, In 1956, there are 5 Academy members out of 17 members 
of the NACA. This statistic is of significance in view of the increas¬ 
ing Impact on aeronautics of advances iu many fields of science: for 
esampic, physiology and psychology of pilots, chemistry of combus¬ 
tion, physics of metals, physics of die atmosphere, acoustics, conimum- 
entions, electronics. The Committee is strengtliened by the speemi 
knowledge of its individual members. 

By dir^tion of th© President, tho Sficr(?t 4 iry of Wjir calli^l tlio first 
meeting. The date was April 23, 1916; the place, his oilier Con¬ 
forming wttll the designation in the call for the first meeting, t le 
word ^‘Nationar was prefixed to the title Advisory Conimittcc for 
Aeronautics.” aoneral Scriven was elected temporary choirmnn, and 
Naval Constructor Richardson temporaiy secretary. With formu¬ 
lation of rules and regulations, subsequently approved y t le rcai 
dent, the temijorary clmirman ond secretary were elected for one year. 

Perhaps the most important regulation adopted was for an execu¬ 
tive committee, composed of T of the 12 members of the Advisory 
--It 
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Committee. Tlie full Committee ivaa to meet onlj semimnuaUj, The 
executive committee was Bet up to meet pegidiLrly throughout tlie 
year and wns charged witli tlie aduunietration of tlie nfTairs of tlie 
Committee nud “general superrieion of all arrangements for researck^^ 
Dr* Walcott ’n'jis the first clmlrman of the executivo committee. The 
otlier membOTS wore Dr* Ames^ Captain BriEtol, Dr. MarriTij Dr. 
Pupin, Colonel Eeber, and Dr. Stratton, with Naval CcuBiructor 
E ich ardsonj ex ofScio, m secretary. Improvised quarters in the Army‘S 
Aviation Section were used tlie first year^ 

In the beginning the executive committee was a working groups 
the NACA Imd no paid personnel* It was not until June S3 that 
the first employee was hired* He was John F, Victory; 41 years 
later he is continuing his faithful effective service to the Committee. 
Jtt 1317 he was named assistant secretary of the Committee ; 10 years 
later he becamo secretety^ and in 1945j executive secretary. 

One nf the first problems was to examine what aeronautical research 
was then in progre^ in the United States—both under Government 
auspices and by private organisations—and tlien to effect rational co¬ 
ordination to assure maximum value from the total effort. Congress¬ 
man Eoberto, reporting on the need for the NACA on February 1% 
1915/had well stated the situatioii: 

BeslUes ^vemmentBl agencSes the nnmod the nnreau of Staadardfl. the 
VVenther narefia and tlie War and Navy Depnrtments] for the deTelrtpinent of 
nrintton^ todivldoalfl In civU life have devobeil time nnd expeiw in the sdcntiac 
atndy find itraotlcal (lerelo-funeat of aerocAntLcft. At the pnaeat time dR of UiDse 
both ^Temmental and private, work indopendeatl^ without aur ce- 
ordlnacloD of avtlHtleg. 


Ten years later Dr, Ames gave a prime reoBon for ^Tlie great 
smicess of tlie Cbminlttce, because the Committee is a success,^’ the 
coofdinntion, on a rAtionsl scalei of American aoronauticAl nesearchi 
Ilia comments were made befoi'o hearin;^ of the President’s Aircraft 
Poard (often called the Morrow Poard). Tie spoke ns cIuiiniiAn of 
the eseotitive committee, to which position he had been elected when 
Dr. Walcott 1>ecame Committee chairman inim 
In part, Dr. Am^ said; 


The nrEnnlxntlrm hns no FxccntlTD Committee which nnpointa a nuralieF of 
lc1iiitc*l mibrommlttee# whose fanction HI* to eooTdJnntc the ivscnreb work 
tbroDj^hont the coHOtr; , , ., The Tarjous jiroblema which all the scrvlecfl of 
the GoremiLient and the jiMnle oarniRed In Industry, no far as we know hare In 
mind ^r^roiipht before these siibcoMralttea. The Importance of each problem 
l4 (llBcuwd, a&d £ pT^ercui Is Laid out . , * , 

Ai^imd our table ine« . . . rtprcsentatlriM fiom oil the Ooremment aerrlccn 

inrolTCd .... work for elt ibedeiiortinetita of the Qorcrament 

Piirthemoie, mere ore dlsenadoos ^Ini^ no at our table between the Amy 
plofl., Wc a« really n coordinating body and that function wonid be ttnpoaalhic 
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if our w«?re to trniisferrwl Eo nnf exectitlve depnrtEqeat as Rodtp 

bccai3Sfi if otiT ComAtlttce i(V(!re to b« d jiatt of noy depnrtine&t it would neccs- 
Batilj follow tliflt the aeronautical of tliafc deparLniEnt would be primarily 

Eprrcd . . . i 

We tliinki therefore^ tbat ta our Independent ejrlEtenco wo oter a wonderful 
opportunity for serving aU the dcpnitmentai 

In 101fi one of Uie first projeota uinJertaken bv (lie eseeutive com¬ 
mittee was A survey of fttcilities available “for tlic carryiti^f on of 
fteronautic investigations.^ It vas determined that **>1 number of 
institutions have available mechanical laboratories and engineering 
courses capable of application to aeronaiitics, but only the Massachu¬ 
setts Institute of Technology and the University of Michigan so far 
otTer regular courses of instruction and experimentation.” Note was 
made of the eiperinients with full-scale propellers mounted on a 
whirling table, being conducted at Woroffiter Polytechnic Institute. 

“It appears that Die interest of colleges is more one of cariosity than 
til at of considering the problem ns a true engineering one, requiring 
development of engineering I’eeourccs and, thei'ofore, os not yet of suffi¬ 
cient importance to engage their serious attention,’* the NAG A com¬ 
mented in its first Annual Iteport. “Manufacturera arc principally 
interested in the development of types which will meet Government 
requirements or popular demand, but which will not involve loo 
radical or sudden changes from tlieir assumed standai^ types.” 

The Committee recognized that “considerable work had already 
been accomplisluKl with which the general public is not acquainted.” 
The Annual Eeport said of this point: “This covers linos of develop¬ 
ment and investigation which if published would save money and 
effort on the part of individual inveatigatots and inventors who are 
now duplicating investigat ions already made by others .... Some of 
this information is already embodied in reports which are only ac¬ 
cessible to a few interested parties who know of its existence.” 

The Smithsonian Institution had publislied a bibliogrophy of aero- 
nauticSi covering the period through tho middle of 1003. Now the 
NACA undertook publication of later bibliographies compiled by 
Paul Prockott of the Smithsonian. The first such volume covered the 
period 1903-16; os soon ns past years had been “caught up,” tlia bib¬ 
liography was published annually into the early thirties. 

Tho Committee was fully aware that to fulfill its obligations would 
require not only a well-equipped, suitably staffed laboratory, but also 
a flight test center where engineers could determine “the forces acting 
on full-sized mnchinca.” It was felt, however, tliat “since the equip¬ 
ment of such a laboratory as could be laid down at this time might 
welt prove unsuited to tlie needs of tho early future., it is believed that 
such provision sliould be the result of gradual development. 
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In October 1916 the Committee recommended that the War Depart¬ 
ment (vrhich alone had fimds available) purchase land about 4 miles 
north of Hampton, Vn., for nee bj Army and Navy as an aircraft 
proving ground. Named Langley Field, this site becamo the home 
of NACA’s firtt research center. TliC War Department used it for 
pilot training during World War L Aircraft development vrork of 
both the Army and Navy was centered elsewhere. 

Inking its own facilities, the NACA took prompt steps to oontrnot 
for research to be performed for it by others. The first aotiual re¬ 
port included seven reports, as follows: 

NOi Itepurt oo behnYlor of aetoplADes In by tiie 

liiuititiite of TecboaloFy. 

Part 1. f^xperl mental analyaEg of LclieTent longflitdliiaL ntabUHr 
for a typical Idplane, by J- nuasalter- 

Part 2. Theory of an aefopTane eneoiinterEng gnjitn, by E. B. WUbod. 

No. 2, lmY«otleatLon of pitot tnbes^ by tbfe UDlt«4 StatM BnreAn of 

Standards. 

Part 1. Tbe pLtoC ta1>a uml other Dnemometeia for aeroplaDas, by 
W* H. HoivebeL 

Part % The theciy of the pitot and venturi tubes, bj fl. 
Bocktbi^bam^ 

Nil, !b Hoport on iDVc^igaHona of aviation wlrw nnd cables, their CaetenlQ^ 
and termloal {yoanectEons, by dubti A. JtoebI lag's Sons Ccl 

No. 4. PrellmLtiary report on the problem of tbo ntmosphero In relation to 
aeronmtittea, by Prof. Charles P, Marvin. 

No. 5. Rclatlre worth of improvmetita on fabrics, by the Goodyear Tire A 

Bobber Go- 

No. fl. InvostEgatlond of balloon and neioplane fabries; by the Gnited States 

Itubber 

Part 1, Balloon and neropInEio fabrics, by WlUla A. Glhbona and 
Omar H. Smhb. 

Pan 2. BkLn friction of YBTlotLB surfaces In nix, by WJllia J. 
Gibbons. 

No, ?. Thcrmisdyuanile cBctcocy of present types of lotemalHcoinbiiEUon 
enfiilDes for nlrcmtt, by Coltitnbla University. 

Part 1. Ftcvlcw of the developnacnt of englnfs suitable for aero- 
oaude serrlccp by Cbnrles E. Lucks. 

Part 2, Aero engines onaly^ wStb reference Ui elements of process 
or fnnctloiir by Ctinrles B, Lncke. 

“What has already been accoraplisdicd by the Comniittee has shown 
that although its members have devoted as much personal attention 
ns practicable to its operations, yet in order to do all that should be 
done technical assistance should be provided which can be continu¬ 
ously employed," the Commilteo said in its first Annual Heport. 

For the fis;al year 1017 the NACA asked for and received $85,000. 
Of the funds available, $63,067.35 (all that was not spent otherwise) 
went toward construction of the new' laboratoiy at Langley Field. 
Its total cost was estimated at $80,000, a figure that later was revised 
upward. 
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The war was ovor before tbe “Committee-a field station” at Langley 
Field oonld be said to be in usefnl operation. The Annual Beport for 
iSiO noted that the Committee’s fiiit wind tunneli with n 5-foot test 
eectioHi was completed but inoperative for lack of power^ TJie Army's 
power plant at Langley Field was incomplete, with construction 
stopped for lack of money. 

With the Army planning to keep its iat>erimental work in aoronau- 
tics at McCook Field, Da)1:on, and with the Navy’s Bsperimeutal avia¬ 
tion work ccnteu^d at Norfolk, the NAOA in 101& felt it Imd good 
reasons for moving its field station activities to Bolling Field, just 
acro^ the Anucostia Biver from the Capital. It asked Congress to 
authorize the move: 

TBe Ccnuiiittee beUerea it imecanamLcal and unsatisfactory to nciaaln at Lan^- 
Irr Field- Tbe eftfue work ran l>e carried on moro uSiol&ntly, more promptly^ and 
taoie ecodOitiiciLllv at BoLUag Field* wlsere the wort can be c!wlj watebed by aU 
members of the COmmlttei!, and where the members of the eufttncerlnK staff In 
ebarga of work can tiava ready access to the Coaiaiitteo, to large libraries, and 
other aoiirceii of iafumiatlon, cenatant commnnlcatlon with the Bnieau of Stand¬ 
ards, a more satlatoctory market for labor and sappUes and adeqaate power 
flur^jily, and relief from tfcw iNertile^Ing quooUon of securing qoarters at Langley 
Field or to Hampton or other nearby towoi. 

Coiigresaionnl approval for the movB to Bolling Field did not come. 
In April 1920, tlie Committee, perhaps with a oollectivs sigh, took 
action that accept^ as permanent the Langley Field site for the 
station.’^ It sought Presidential approval of the name, "Langley Mo- 
moriai Aeronautical Laboratory.” President Wilson concurred, and 
dedicatory exercises w'ere conducted on June 11* Attendance included 
guests;, it was later reported, "of whom a number liad flown to tlie 
field*” 

This date, June 11,1920, may be exmsidered the real be^nmg of 
NACA’s own program of aeronautical tuseardi, conducted by its own 
staff in its own facili tea. The previous year a start had been made in 
obtaining full-scale performanoe data from flight tests, but now the 
availability of a wind tunnel made possible systematic; inTCStigutions 
of critical aerodynamic problems, such as: (1) Comparison between 
the stabilily of airplanes as determined from fuU-flight test and as 
determined from calculations based on wund-tunnel mjeosarementB; 
(2) comparison between the performance of full-scale airplanes and 
the calculations based on wind-tunnel experiments, and (J) airfoils, 
including control surfaces, with special attention to thick sections, 
plus combinations and modifioition of such sections. 

THE COMMITTEES ADVISORY FUNCTIONS 

This has been effientially a chronological account, first, of events pre¬ 
ceding establishment of the KACA, and then its early steps to under- 
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take ita tesponsibiJitiea aa the nation’s aeronautical researoh establiah- 
ment. At this point it is in order to glance brieHy at soma early octi n- 
tics of the Cbniinittee which were consonant with the “Advisory” in 
its name. 

In 1916 the csecutive committee invited engine manufactuierG to 
attend a meeting on June 18 in Dr. Waloott’a office at the Smitlisonian 
Institution to discusa the prablem of obtaining more powerful and 
more reliable engines and to bring about a better understanding be¬ 
tween builders and users. Representatives of the military services 
were in attendance, and although it is to be doubted Uiat many prob¬ 
lems were solved, unquestionable good was done by bringing them into 
sharp locus. Another benefit from the meeting was an arrangement 
whereby the Society of Automotive Engineers became active in provid¬ 
ing assistance in the solution of aircraft powerplant problems. 

Also in 1016 the Gominittee oiamined tli© problem of the carriage 
of mail by air. The Po^ Office Department had failed in efforts to 
establish a contract air-mail service in Alaska and from New Bedford 
to Nantucket Island. Air mail wae tlien considered to be justified only 
over almost impossible terrain. “Conditions of botlt these routes were 
so oevere as to deter responsible bidders from undertaking this service,’* 
the Committee decided. It felt, nonetheless, that because of the great 
progress made in aviation, the Post Office ^lould set up one or more 
experimental routes, “witli a view to determining tho accuracy, fre¬ 
quency, and rapidity of transportation whicli may reasonably be 
expected under normal and favorable conditions, and therefrom to 
determine the desirability of extending this service wherever the con¬ 
ditions are such as to warrant its employment.” 

The above-stated opinion was tranimiitted to Congress in 1916 as 
a recommendation. In 1918, when ?iOO,DOQ was appropriated for 
creation of an experimental air-mail service, the NACA Invited the 
attention of the Secretary of War to the following facts : “Practically 
all aircraft manufacturing facilities in the United States were being 
utilized by the War and Navy Departments, and all capable aviators 
were in the milUary or naval air services ..... [and] it was exceed¬ 
ingly desirable that Army aviators be i-egnlarly and systematically 

trained in long-distance dying.[and that] it wotdd appear 

to bo to the advantage of tho War Dopartment and of tho Government 
generally that tnilitaiy airplanes be used to reuder practical and 
effective service” in carrying mail between Wasliington, Philadelphia, 
and New York. In its 1918 Annual Report the NACA viow'ed with 
satisfaction tlie manner in w'hicb the ciperimentiii airmail service 
had been cstabliabed along the lines recommended, and expressed 
the opinion it had already “been sufficiently well demonstrated since 
its inauguration to justify its extension generally.” 
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In 1921, the Committee noted in e special report to the Pr^ident 
that—■ 

l^crD arc seTcroJ causes whk'li ore dcla^lD;!^ the derctn^ent of vMl Aviatjoap 
such m t±ie lack of airwaySp Lar^diug OeldSp iterolo^cBl serrice, aud aircraft 
properlj doaigued for counDerelal The Ait Mall Service atauds out as a 

Iiloaeer agency^ overcoming tbese bund leaps and hLfiCfng Ihe tvay\ 30 to 
for the practLeal development of commorclBl aviation. As a pernianeiit propoflt- 
lloiip however, the Post Office Department, as Its funcEloiia arc now conceived^ 
abouM no mor^ ojiemte directly a apcclal air mo 11 iervlce than It Bhould uperate 
a special railroad ttmll sorrlce: hut until such tline ua tbe necessary Ride to 
commerclu] avtatton have been estabMfibed It will be neat to Iniposslhle for an; 
private carporatloD to operute under contract an air mall service In competIUou 
with the railroads. 

In January 1017^ the War and Navy Departments complained to tlie 
NACA about prohibitive prices for aircraft, said to be due to “the 
extra item of royalty added by each hrm in anticipation of infringe¬ 
ment auite by owners of alleged basic aemnaude patents who were 
then tUrcatelling all otlier airplane and Bcaphme manufactureiis with 
such suits, and causing thereby a general demorahzatiozi of tlie entire 
industry.^' 

The Committee held meetings with Government olEcials, owners of 
patents, and aircraft manufacturers. It then recommended organista¬ 
tion of a llaimfacturers Aircraft Association to elToct the cross licens¬ 
ing of ttcronautic patents and to make the use of all such patents ava li¬ 
able to any member firm at the relatively small cost of $200 per 
airplane^ This happy solution W'as adopted, and resulted, in die 
Conimittee^s opinion, in *^the prevention of tlio virtual deadlock with 
danger of monopoly existing under the patent situation/’ 

In many otlier ways the Committee gave advisory service on such 
varied matters as provision of insurance for aviators, naming of dying 
fields “in commemoration of individuals wko had rendered conspicu¬ 
ous service” aerial mapping techniques, and selection of a site near 
Washington for a ^^landing field” to provide “accommedation of 
transient aviators.” 

A special subcommittee during World War I exam bed some 7,000 
inventions and sagg^tions in the field of aeronautics. Of this work 
the NACA later said, “The great majority of the suggestions received 
are obviously of an impractical nature. Several, how ever, have seemed 
worthy of further consideration and have been referred to militai^ 
or naval experts.” la addition to this arduous task, the Committee 
served ns arbitrator in the settlement of disputes involving technical 
qu^tioiis between private parties and the military services. 

Perhaps the most important of NACA’s advisoiy services was tJie 
leaderahip which the Committee gave to tbe efforts for legislation 
necessary to the orderly development of civil aviation. Witli cessation 
of hostilities in 1D18, the Committee promptly took up the basic ques- 
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tion of whut sLould be done about die di^it use of nircr&ft. AHbough 
it would be nenrlj 8 yenia before the required Federal legislation was 
adopted (the Air Commerce Act of 1D2(I), the recommendations made 
by the Committee in 1D18 encompassed what was needed: ‘‘Federal 
legtsJfldon . . . . , gorerning the navigation of aircraft in the United 
States and including tiie licensing of pilots, inspection of machines, 
uses of landing fields, etc. ..... designed to .... . encourage the 
development of aviation and at die same time to guide the 

development.along such lines as will i-ender inunediate and 

eilective military service to the Xadon in time of war.” 

On April 1, 1021, President Harding directed the Committee to 
meet with rejmesentativee of interested Government departments to 
detennine what could be done to achieve Federal regulation of air 
navigation without legislative action, and what new legislation was 
needed. AprD 9, the rcconimendatiotis weie formulated. The Com¬ 
mittee was brief: “Federal regulation of air navigation cannot be 
accomplished under existing laws ...... It is recommended that 

a Htireou of Aeronautics be cstablislied in the Dci>ai'tinent of Com¬ 
merce.” 

There were other NACA proposals in 1921: That the Post Office 
be authorized to extend its air-mail routes across die coutinent, and 
that naval aviation activities be centered in a Uurcau of Aeronautics 
within the Navy Department. 

In ifs Annual Report for 1921, the KACA notwi Uio princijial rea¬ 
son for delay In passing the recommended legislation: 

Tbe CouinUttcc la not nnmlndfiil ut tlie IcenI seoUiaeut that a cobetlluttr>tial 
DmeutjAifiiE ebotild flrfit lie Adopted before such Ib eoActed^ on tbe 

grotltid tbot eff^dve refnlDtlun of olr imTtgmtlGD ag propo^^ would otherwlae 
be nueonatltutLonal fiB vlolatlne tJie of liroiwttr and cncrondiLng upon the 

rlf hta of States, To pti^tpone atecIi le^slAtioii toidL a eom^tUtlELojuil 
eon be proposed And ta tided wonM bnvo the elfcc^t of crOAll^ retardln]? the do- 
velopmeot of cozunierehia ATiatlon^ witb nu «insurance Hiat salOdent pop^hir 
Inlerofft wonid erer be Aroiined lo ACcotntiltsli Buch ad aiueiiilrnent. The Com- 
riiLttee Is of the opinion that the mast course to be fallowed for the 

dev^opoicnt of nvMtiati would be first to cnott tbo LeglolatLoi] deemed noce^rj 
for the Federal regulAtlOD of air oarLyatLon snU tlie miconragein^nt of the dereloiH 
ment of eivU atIoHoji^ and lei ibe aneBtlun of tbo con^tltnauiajiUtj of sdcIi 
tloa be tested In dwe i^nirse. In the loeantltne. tbere would be dcTelopmeDt In 
dill and commerdul nTlnUoD, and If erenindlly the le^^islDtlmi wbirli mnde pos¬ 
sible such derOlopEneiit aiiould be delbaitelT' detertniuod to be iiaeonotltDtlotial 
there wonTd then. Id sll siroljahllliy, be BUffldent public interest la the sabjeet and 
popular donuind to adopt an ameudmeot to the ConjsHtuttoa, 

Years of ijersevcraiioc culminated, in April 1026, in a careful an¬ 
alysis by tho Committee of fundamental differences of opinion respect- 
ing certain aspects of Uie Jjasic legiriation then before Uio Conm^s 
The solutions then proposed by the NACA ware accepted by the joint 
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Senate-UousB confeneea, imii tho Air Commerce Act becamB law oa 
May 20,1996. 

^'Tlils act proviflos tlia legislative oorocistosB for tlio development 
of commercial aviation in Ajncrica,” die Committee said. It Ogives 
an important meoaurc of stability to oominercial aviation as a business 
proposition and in its direct elTects will go far toward cnooui-aging tlie 
development of civil and oomniercial aviation.” 

aehonautical research 

Tiic Air Commerce Act made the Secretory of Commerce responsi' 
ble for the regulation of civil aviation, and for Its eacoui'agemeiit. At 
the same time, this actioit fi'eed the NACA fi'om an “advisory” burden 
it laid canned during its lirst 10 years. From now on, the Couunit- 
tee could concentrate upon its cMef responsibility—the conduct of 
aeronautical research. 

During the litst 10 yeans of the Committee's existeuce, demands upon 
the time of NACA membei's were very heavy. From 1915 to 1919 the 
Conimitteo had three clmirmea: General Scriven, 1915; Dr. Durand, 
191(3-1918, and Dr. John K. Freeman, 1910. Dr. Freeman was seat on 
a mission to China and was succeeded as chairman in lOlO by Dr. 
Walcott, who had served as chairman of tlic exeentive committee since 
its formation in 1919. 

Dr, Walcott was succeeded as chairman of the executive commit¬ 
tee by Dr. Ames, who effectively supported Dr. Walcott until the lat¬ 
ter's death in 1027. At that time Dr. Ames became chairman to sen'e 
until Ids retirement in 19319. Tlie fact tlmt he was located in Dalti- 
more:, where he headed the pliysics department of Jolins Hopkins 
University until he became president of the University in 1929, jvroved 
no handicap. Dr. Ames was in ItVosIrlngtou as often and os long as 
Committee business required. 

With the development of laboratory facilities at Langley, the N.\CA 
began building a competent engineering staff. The Langley Labora¬ 
tory attracted young ineu with good training, who could grow to do 
work of increasing imiwitance. Tlie indcpendcnco of the NACA was 
one of the attractions, ns was also the opportnnily for the young engi¬ 
neer to sign tlifi published report of his owu research. So was the 
availability of superior research and test equipment. 

In 1010 tho Committee invited Dr. George W. Lewis, professor of 
meclLanical engineering at Swartlunorc College, to become its execu¬ 
tive officer. In this ca]>acity, he was called ui»n to guide tlie research 
programs and to plan and build tho research tools needed. In 1924 Dr, 
Lewis' title was dianged to one tliat more closely described his re¬ 
sponsibilities. director of aeronautical research. From tlion until 1045, 
when his hcaItli failed imder the tremendous bui-dens ho iusisfed upon 
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canyiug during World Wur II, Gcorga Lewis gave devoted and effec¬ 
tive leadership to the staff of the Comnilttee. 

Wliile the Coiuinittce was aequiring die equipment ut Langley 
necesaat 7 for the research progi'ams envisioned, use waa mode of facili¬ 
ties available elsewhere for certain investigations. Before the end of 
World War I Dr. Durand was conducting most valuable research on 
air propellers at Leland Stanford University, and at M. I. T, the 
availability of a wind tunnel and staff made possible fundamental aero¬ 
dynamic resenrcli on stability and control and on the cliaracterisdcs 
of wing sections. 

The National Bniveau of Standards worked on aeronautical prob¬ 
lems at tlie request of the NAGA and ndtli its Hnancial sup^iort. Tho 
Bui'oau developed apparatus for the study of combustion problems 
under simulated conditions of high altitude and later equipped 
itself with wind tunnels for fundamental research on turhulenco and 
boundary-layer problems. 

The aeronautical experimentation carried on at the Navy Yard in 
W&sliington and at UlcCook Field in Dayton was correlated witli a 
comprehensive plan which tho NAG A formulated and which was 
kept up to date ns military and industry needs changed. The pioneer¬ 
ing work by Naval Constructor Hidiardson on se.sp]aiie hulls, and 
the later researches directed by Chief Constructor David W, Taylor, 
contributed signidcantly to tlie advancement of naval aviation. At 
JIcCook Field (later moved and enlarged to become Wright 
Field) the availability of a wind tunnel caused the NAGA to detail 
one of its first technical employees. Dr. George de Bothezat (best 
kitown, perhaps, for his later work with helicopter's) to Dayton to 
assist with aeronautical reseaixdr tliere. 

In 1D20 the NACA^g first wind tunuel was put to work. With 
relatively minor exceptions, this first major piece of equipment ivaa 
patterned after one at the British National Physical Ijiiboratoiy, The 
work that could be done with this tunnel was essentially no different 
from that wliich could bo accomplished at tlie Navy Yard, McCook 
Field, M. I. T,, or other locations where conventional wind tunnels 
were located. 

In Juno 1921, tlie executive committee decided to build a new Irind 
of wind tunnel. Utilizing compressed air, it w'ould allow for ‘^alo 
effects” in aerudyimmic model esjieriments, nda tunnel represented 
the first bold step by the NAGA to provide its reseai-ch personnel rvith 
the novel, often complicated, and usually expensive equipment neces¬ 
sary to press forward Uie frontiera of aeronautical science. It wag 
designed by Dr, lfu.x hlunk, formerly of Gottingen. 

Tho value of tlie new tunnel was explained in 1922 by Dr. Amea: 

Whsn a new deaian of airplane ... In mate. It In castomnry to conatmet a 
lumIcI of It, oue-tweaTletb Uie slse or It-aa, nnd to ex[Krliuebt upon thin. Tlie 
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mettiod now In imlTorsnl tiK la to nosp^nd Eiit model from sntUible bulflnces in 
a stream of nLr . . . nt a velwlty of 60 mpb , , . Tbo buIaocoB reglnter the 
foresa ond uomenta aetlne on the modet From the reetiltii of eqcli measure- 
menta one deoldeu wbethef tbe original design la good or not Htit la one InaUiled 
In making ^wdn a djeelaloe? WLj should the some lawa opipti' to a Little model 
Inalcle the wind tunuet as It ta ealletL and Lo the aetmil iiiri>Iime Hying freely 
tlireugli the air? Erldently there la ground for grave nnoertninty. The Com¬ 
mittee lias i>erfeeEed a aiethod for obrladog thia. It liaa been known from 
aerodymunle theorj for some time that the oliange In seaTe, from airplane to its 
models eould be comiieiiaated by compieaBhig the air from ordinary iPteaatire 
to 2Q or 2S atmoanheres: ns the atracture moving through the air lb reduced in 
size from GO feet to ^ feet, the molecules of the aJr are hrought, by c?ompDTlson, 
closer and eioaGr together untU thetr iLbiUiice apart la one twenty^afth of whoE 
Jt was originally. The etfect of scale Is time fully couipeusatoil and exiperlmonts 
upon a model in this com preyed air have a real meautug. The Cotamlttee has 
coQstraeted a large steel tank, S4 feet long and IG feet in diameter. Inside which 
la placed a wind tunnel with its balances* etc., and in which the air muy be kept 
In A state of high compression The informatlop to be obtaLuod from the appa¬ 
ratus will be the most Important ever given airplane dcalgnera. 

Experience with simple airplane models wiUiDut propellers m the 
varinbU-density tunnel encouritgied the NACA, in JiiRo 1025* to con¬ 
struct a wind tunnel large enough to test f ulbscale airphiric propellers 
under conditions of flight. This was a costly decision* but tJie cost 
waa repaid manyfold by improved airplane performance. 

The propeller research tunnel w os put into operation in 1D27. It had 
a circnlar test section SO feet in diameter and wag powered by two 
Diesel engines rated at 1,000 bp. eiidi* Its air speed yfm 110 mph* 
and* at the tiiaej it was the largest wind tunnel in the world. Almost 
from the beginning of its use, tlie PET provided information leading 
to design changes which resulted in dramatic impmrenients in air¬ 
plane performance* 

The fii'st and most sj>octacaIar of these productive rosearcliea 
brought about the development of what became known as the NACA 
cowling for air-cooled radial enginea. Di its 102S report, tlio Com¬ 
mittee said that ‘^by the application of the results of this study to a 
Curtiss AT-oA Army pursuit training plane, the maximum speed was 
increased from 118 to 13T mplu Tliis is equivalent to providing 
approsinmtely S3 ndditionEil horsepower without atlditional weight or 
cost of engine, fuel csonsumption, or weight of slructure* Thm single 
contribution will repay the cost of tbe Pi-opelier Researcli Tunnel 
oiaay times.” 

The Collier Trophy* awaited annually ^'for the groats echiovo- 
meat in aviation in America, the value of which has been thorougWy 
demonstrated by actual uso during tlie preceding year ” went to the 
NiYCA for the development of tliis form of cowling. President 
Hoover made the presentation on January 3,1930 (for the year 11J28J, 
and After the reading of the citation Dr, Ames responded that 
scientist receives Ms reward from bis own work in believing tliac be 
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has added to human knowledge ; but he is alwajs gratified when his 
work is recogni^ os good by those comi>etent to judge.” 

A second important benefit accruing from work in the PUT was 
more positive mfonuation about the best location of engine nacelle. 
The engines of the Ford Tri-motor, and dmilar aii^raft of the tw'en- 
ties, were hnng below the wing. As a coiisaqucnce of research reported 
confidentially in 1S30, multkngme aircraft designed thereafter had 
their engine feired into the leading edge of the wing with an impor¬ 
tant gain in speed. 

The systematic workftceomplished in the PET led to other practical 
design changes. For example, it was possible to obtain an accurate 
estimate of the drag caused by Huch apparently insignificant details as 
the location of a gasoline filler cap. Similarly, engineers studied the 
aerodynamic interference of wings and fuselage, and the use of fillets 
to reduce tlie interference was proposed- (In IfiSS the NACA pub¬ 
lished its first Technical Note on this subject, by Ifelrin K Gough.) 

Tliat the fixed landing gear represented a large amount of drag had 
long been appreciated, but it was not until the PET became operative 
that the drag pN!iialties of fixed landing gear could be determined pre¬ 
cisely. The higher speeds made po^ble by use of tlie NACA cowling, 
the wing positioning of the engine nacelles, the filleting of wing- 
fuselage juncturca, and other aerodynamie refinements now made 
attraedre the investment of added coat and weight implicit in retract¬ 
able landing gear. 

In 10S3, looking at the gains from the research at its TjUngley Lab¬ 
oratory, tlie C-ommitteo said: “No money estimate can be placed on 
the value of superior performance of aircraft in warfare , . . nor can 
a money estimate be placed on . . . improved safety* * * * Tlie value 
in dollars and cents of improved efiideney in aircraft resulting from 
the Committee's work can, however, be fairly estimated. For example, 
the results of * . * researches completed by tho Committee within the 
last few years, show that savings in money alone will be made pt^ible 
in exci^ annually of the total appropriations for the Comniitfee since 
its establishment in 

The economic depression that begun widi the stock-market crash of 
1939 was not an unmixed evil for the NACA. Although there were 
strong pressures to reduce operating expenditureSi these were success- 
fully resisted, in tlie main, by such impre^ve evidence of the money 
value of the Gommittee^s work as that just cJte<L On the favorable side 
was the opportunity for the NACA to construct at depre^ion costa 
new research equipment witii funds already appropriated, and the 
availability of engineers, from whom many of its future leaders have 
develoijed, 

Hie 30- by M-foot, “full-scale” wind tunnel and the 3,000-foot tow¬ 
ing tank (for study of liydrodynamic cbaracteriatics of watet-based 
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aircraft) were completed in 1931. The designer of the $0{X)^ “full- 
scale** wind tunnel (then the world’s largest) wes Smith J. DeFrancse, 
who became director of the Committees second rteearch center, at 
Moffett Field, Calif., when it wss established in 1941. 

A somewhat later “depression baby” was the SOO-mp!i. 8-foot wind 
tunnel. For some time after its completion in 1!}36, it was known, 
somewhat optimistically, as the “full-speed wind turuie IOther novel 
research equipment constructed at Langley in these years included a 
free-spinning wind tmmel and a refrigerated wind tunnel {for study 
of icing problems). 

In this depression period NACA engineers first disclosed the ability 
to use air more than once. Soon after the variable-density tunnel was 
rebuilt following a fire in 1027, it was suggested tliat some use should 
be made of the air released each time the tunnel was returned to atmos¬ 
pheric pressure. IVhy not discliacge the pressurized air through an 
appropriate nozzle and thus obtain a really high-speed air stream! 
The result was a blow-down device, witli a la-inch test section in which 
aerodynamic phenomena could be studied at speeds almost that of 
sound (about 760 mph. at GO® F.). 

Hius far, the discussion of leseardi by the NACA has been largely 
concerned with aerodynamics where the greatest effort was mode. 
Nevertheless tliore was fruitful work on powerplants, loads, and struc¬ 
tures, wliich will bo noted later. In retrospect, one marvels that so 
much could be accomplished. At the beginning of Iflao, for example, 
the total employment at the Langley Lalx)nitory was only 181, 

By the mid-thirties, the work of the NACA had become interna¬ 
tionally known and respected. Somewhat earlier the British journal 
Aircraft Engineering had commented about tlie Committee r “They 
were the first to establisli, and indeed to visualize, u variable-density 
tunnel; they have led again with the construction of tiie 20-foot pro¬ 
peller research tunnel; and ... (with] a ‘full-scale’ tunnel in which 
complete aeroplanes np to 35-foot span can be tested. Tlie present- 
day American position in all bnmehes of aeronautical knowle^ can, 
without doubt, be attributed mainly to this far-seeing policy and ejt- 
penditure on up-to-date laboratory equipment'* 

Somewhat wryly, A. J. Sutton Pippard of the University of London 
observed in 1935 “that many of our most capable design ^affs prefer 
to base their technical work npon the results of the American NACA.” 

An important effort of the NACA was to make its research findings 
fully available for usev First, there were Eeports, comprehensive 
presentations eaepected to have lasting value, Tlien there wore Tech¬ 
nical Notes, preliminary or narrower in scope. Technical Memoran¬ 
dums were reprints, or translations, from the aeronautical literature 
of other nations. Aircraft Circulars reporied information about 
foreign aircraft and engines la later years Eesearch Memorandums 
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were added; were limited in distrilintion for rensons of military 
security or because they contained proprietary information^ 

Reco^izing the imix^rtance of knowing what was availablo in the 
seronautical literature of the world, Dr. Ames had been instrumental 
fn the formation of an OJIica of Aeronautical Inteiligeiice ns an inte¬ 
gral part of the Committee’s program, and for years ho serred both 
as its director and as clminnan of the KACA’b subcommittee on 
publications and intelligence. Beginning soon after World War I 
and continuing (except for a break in World War 11) until 1950, the 
Committee maintained a technical assistant in Europe. From 1921 
the post was held by John Jay Ido, who faithfully and intelligently 
served tlie NAG A both as European reporter and in a liaison capacity 
w'ith foreign aeronautical researcli organizations. It was decided in 
1050 to close the NAGA’s European office because the ort and science 
of aeronautics Lad become too complei for reportage by a one-man 
imreau. International interchange of information is now handled by 
other means. 

Beriming in 1926, the Committee sponsoiied an annual conference 
at the I.rfinglcy laboratory with representatives of the military serv- 
ietjs and the industry. In addition to the opportunity to see what the 
NACA was doing, guests had an occasion to criticize and to suggest 
new research on problems they felt were especially pressing. In the 
iirst years of the conference, “everyone” from the industxy and the 
militaiy services attended; even so, tlie guest list numbered little more 
than 800, and the journey to and from Langley, via Potomac River 
steamer, resulted in many unoflicial but prodtoble sessions. After 
World War IT, it became necessary to provide two types of meetings 
(1) Technical conferences concerned with a specific subject, usually 
classified for security reasons, c. g., siipei'sonic aerodynamics. {2) 
Inspections. Held annually, on a rotating basis at each laboratory, 
the NACA inspections seek to give tlia industry and military services 
a comprehensive view of technical progress. As many as 1,600 attend 
these meetings, which arc not classified. 

Also of importance from the standpoint of communieation is a 
steady traffic of industry and militarj' visitors to KACA research 
centers, llucli is accomplished by discussion of matters of specific 
eonoern to those involved, No le.ss important are the visits by NACA 
technical personttel to Ex>ecific industiy plants. 

Beginning in the mid-thirties, the NACA reported annually to the 
Congress and to the President that certain European nations were 
making a determined effort to achieve technical and quantitative 
supremacy in aeronautics. Each year the Committeo’s comments on 
this subject were stronger. In 1937, for example, Dr. Ames reported: 
“The greatly increased interest of the major powers in fostering aero¬ 
nautical research and their determined efforts to excel in this rapidly 
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expanding engineering science constitute a scientific challenge to 
Americans pi^Tit leadership.” He CJEpIainedi 

Up to 1B32 tlie CotnmJttee had cODstructe^l nt Ua tahoratoriea M X^tPRlt^y 
Field . , . , , Bpecliil eqalpPicntBiich as therlnhle-denalty (pnjiiol, the propeller- 

research tnnnal, the fall’scalc and ..... n sc-aplnne tawing basin. They 

were at the Un^e of ceiiHtructbft the only soeh pieced of enolpnient In the world. 
The possession of sticb equlpmeDt wm one of the chief fnctoni in enmbllnj; the 
United States to become the reeo^lied lender In the leehnlcal deTclepment of 
a^reraft. Since 1&3:! this mFCqjtrch eqnlpnient has been reproduced by iorc3gn 
eonoEriei^ and Jn Boiiie caeea spedoJ research catilpmeot . . . . ^ nhroad , . , , ^ 
is superior to theentilpnieiit exlaitngat lJiaj?1ey Fl^d. 

This coEidlUoti has Impreeaeel the Cdtumlttee with the adrii^^abltlty of pTfirlilln^ 
nddltliQiinl lAClIttles promptly ns needed for the study of prohlems that ure neces¬ 
sary to be solred, In order that American aircraft ilereloprEient, both mllttnry 
nnit eoinmerciaL, wSH not fall lieldnd. 

EXPANSION OF FACIUTIES 

In 1B3S^ the Committee ro|Kjrtcd that its laboratory eniplojeoa at 
Bangley Field were ^%orking under high pressure.” It wnniec] that 
rceent great ex]>analQn of research incilltie^ by other nations will 
bring to an end the period of American Icadoraldp in tJie tedmical 
derelopment of aircraft unless the United States also constmets addi¬ 
tional research fadlitics*” Dr. Ajucs, in October 10S8, appointed a 
Special Committee on Future Hesearch Facilities to make recom- 
mendationa. 

But even before the Special Commiltec metj the NACA was making 
a strong recommendation for si]f*cial facilities for research on aircraft 
structures. “With the advance in si^ and speed of uii-craft . , , . . 
the prohlemg involved require the conduct of laboratory resea rah on 
structures on an increasing scale,” the Committee xvrote Congress. 
“This is the greatest single need for adciitional research equipment 
and ^ ^ * in the interests of safety and of further progress in aerO' 

nautic?^ it should be provided at the earliest possible date.” 

OnDecemljer 30,10*38, the Special Committee recommended immedi¬ 
ate cstablisliment of a second JTACA re^arch oeiiterj in California, 
to relieve what the late Map Gen. Oecar W^tover (tlien Cliiel of the 
Army Air Corps and a member of the NACA) called "the congtstofl 
bottleneck of Ijiiigley Field.” Altlmugh the iTcommendaiions had 
been prcsenteil as emergency in charncterj it was not until midsiim- 
mer—August 9,1939—just before the start of World War IT, that tlio 
second lal>oratory was authorised by Congnsss. Hnirdly a month Inter, 
September 14, ground was broken at iMofTett Field, some 40 miles doulh 
of San Francisco, for w lmt became the Ames Aeronautical Jjalxirntory. 

Earlier that year an expansion of Langley faeilitles was authorisced 
by Congress. S- Paul Jolinstoii (now managing head of the I^]^?^^tute 
of the Aeronautical Sciences) was named Coordinator of Research to 
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assist Dr, Levris. Further intendficatiDn of research effort obviously 
was needed in the face of war in Kurope^ and a second Special Com¬ 
mittee, headed by Charles A, Llndbergli, was appointed. Tills group 
recommended, October ID, 1030, that ii powerplnnt research center be 
established at once. 

“There is a sorioits lack of engine research facilities in the United 
States,” Lindbergh'S committee stated- “The reason for foreign lead¬ 
ership in certain important types of military aircraft is due in part to 
the su]3eriDrity of foreign liquid-cooletl engines. At the present time, 
American facilities for research on aircraft powerplants ore inade¬ 
quate and cannot bo compared with the facilities for research in other 
fields of aviation.” It was June 26,1D40—rafter Belgium and Holland 
had been overrun—that Congnsssional authorization for the nevr flight- 
projiulsion laboratory was furthcoming, 

A site was made available by tlie city of Cleveland adjacent to its 
municipal airport. Immediate steps wero taken by Dr. Lewis to plan 
and construct a complex of laboratories equipped with facilities for tlie 
investigation of airpinno engines, their parts and materials, fuels and 
lubricants, ignition and combustion, heat transfer and cooling, intake 
and exhaust aero<lynamics, as well as for the fiindamcnta] physics, 
chemistry, and metallurgy of power generation. In addition, facilities 
vrere provided for flight testingin laboratory-instrumented airplanes— 
practical flying laboratories for propulsion research. 

Tliere is no doubt that this flight-propulsion center was a large step 
in advance of any comi^arable facility in the world. It has cost up to 
date about $110,000,000 and now employs about 2,S00 people. 

After the death of Dr. Lewis in 1948, tiie Committee decided on the 
name “I^wis FligJit Propulsion Lalmratory,” ns a memorial of that 
great engineer's crowning achiovoment. 

Hone it may he proper to explain why the research effort on power- 
plants and on structures had been so much less than that devoted to 
aerodynamics. In the first place, it must bo rcmemberofl that between 
World WatsT and TI,the United States was an intensely peace-minded 
nation. In addition, the thousands of miles of ocean to our east and 
west gave a feeling of safety from attack, a complacent sense of detach¬ 
ment. Tlie Congress was unwilling to expend really large sums for 
national defenso or on reeenreh to improve it. 

Until theevo of Pearl Harbor, the annual expenditnra by the United 
States to support aeronautical research was indeed modest. Even as 
late as the summer of 1930, the NACA's total complement waa 523, 
inctudingonly 2TS teolmica! )ieople. 

The major effort by the iVACA over (ho years had been deliberatelv 
concentrated on aerodynamic problems. Ifere, for a given exiuindi'- 
ture, the poesibie gains to be achieved were very large, particularly in 
view of the relatively few engineers who could be assigned to the work. 
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Powerplant research and structural research are cipeusivi^ and re¬ 
quire estensive facilities for full-scale inTestigatiousL Small models 
are of limited utility in powerplant research. Furthermore, power- 
plants and structures ate the inunediate concern of strong and highly 
wmpetitiTe industrial Erma. The Committee evidently felt that under 
its Hscal restrictions, it would do better to concentrate on basic aero¬ 
dynamic problems and might, hopefully, leave research and derelop- 
niotit of powerplants and structures to tlio industry and tlie military 
serricea. 

However, the Lindbergh committee in ISSfli said tiiat tliis past policy 
w'as W'rong, and the NACA agreed. It appeared that leaving funda- 
rnental research to the industry meant, in effect, that such research 
would bo indefinitely postponed. 

A competitive engine firm must wncentrute on whut its customers 
wanL^ Tile firm improves its engine with small changes based on 
experience. It seeks the minimum risk of interniption of production. 
The military servioes, its principal customers, conduct competitive 
trials based on standard performance specifications. After quantity 
orders are placed, no major changes are posgihle. The services, of 
course, welcome small changes based on experience, if the risk of 
trouble be slight. As a result, engine development tends to adhere 
to a definite pattern and progresses slowly. 

An engine manufacturer must make a relatively heavy investment 
in plant ^d tooling for production of a particular engine. The manu¬ 
facturer is naturally inclined to concentrate on improvements in this 
engine to prolong its commercial life. These improvements are essen¬ 
tially proprietary in character, 

Similv remarks apply to the airplane industry. Every effort is 
made to improve a particular airplane to prolong its vogue in produc¬ 
tion. ^ This development effort is restricted to conservative changes in 
a basic design acceptable to the customer. 

In this country, the Navy standardized on air-cooled radial engines 
that met Navy requirements, while the Army insisted on 12-cylinder 
liquid-cooled engines to power the fighters in their program. 

Hoiraver, there were important fundamental applications of science 
to engine design that needed investigation in 1040. 

beginning, one of the principal technical committees of 
the NACA was concerned with powerplants. During World War I, a 
few research projects in tiie powerplant field were carried on under 
Its au^jces, notably in the altitude facility at the Bureau of Stand- 
ard^ where engines could be operated andot conditlona Eimulatin^ 
those experienced by high-flying aircraft. A program of systematic 
terta wm conducted there for the NACA, including superehargiug 
with a Roots-type blower. 


—IB 
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At Latiglcy the but expert powerplant staff made some ini' 
portant cod tribut Iona, in addition to tlieir cooperation with Ihe wmd- 
timnel people in developing the remarkable IfACA cowling for air¬ 
cooled engines. One recalls improved ffnning for air-cooled engine 
cylinders, methods to deerease tJie octane requirements of high-com- 
pression engines;, and work on such fundanientiLl matters as the be¬ 
havior of fuels—how tliey ignitOj how they bum, and how thifi burning 
corrodes critical parts of the engine. A principal tool in the study of 
these latter questions w-aa high-speed photography, and cameras 
capable of tafcng pictures at tJ^e rate of 400,000 per second were 
developed by the NAC A 

In the field of fct propulsion the NACA exhibited an early award' 
ness of its possible advent but did little about it. In 1^23, in Eeport 
No. *^Jet Propulsion for Airplanes,” Edgar Buckingham of the 
Bureau of Standards, I'eported that: *The relative fuel consumption 
and weight of machinery for tlie jet decrease os the flying speed in¬ 
creases; but at 250 niph. the jet would still take about four times os 
much fuel per Ihi-ust horsepower-hour ns the air screw, and the power 
plant would be heavier and much more complicated. Propulsion by 
the reaction of a simple jet cannot compete, in any respect, with air 
screw propulsion at sucJi flying speeds as are now m prospect*” Thia 
conclusion was entirely rational on the basis of the technology at that 
time. 

In the early tliirties, the NACA was asked by a representative of 
the airframe industry to resiirvey jet-propulsion prospects and, 
although airplane speeds by then had passed the 250-xuplu mark which 
Buckinghfun considered a goal, the story was much the same. The 
inelhciency of the Jet engine at the speeds contemplated ruled it out of 
oonsidertttioiL 

Near the end of the l&30^s, some preUminary experimentaJ work 
on jet propulsion was undertaken at the J^dingley laboratory. These 
eiperiments indicated that jet enginee would be so fuel-thirsty as to 
Hmit their useful application to very high-speed, very sliort-ranga air¬ 
craft. American thinking, perhaps because of geography, was focused 
on long-range performance where fuel economy wag paramount This 
idea served to discourage any real Jet-doveiopraent effort iti the United 
States until intelligence of British and German eiperiments reached 
us. 

In March IMl, Dr* Durand was recalled from retirement to head a 
special NACA Committee on Jet Bropuhion. The fact that ha was 
in his 82d year was only a matter of calendar counting. The vigor 
with which he and bis committee launched a belated development 
effort would have done credit to a man less than half his age* Later 
in 1941, G«tu It H. Arnold secnrwl from the British one of the earlioat 
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of die TThittle jet eogines to aid the derelopmeiit progism initiated 
by Dr. Durand. In this program, the Durand coiumittea was iiandi- 
capped by the fact that the country had just been plunged into n war 
for which it was ill prepared and tlie principal airplane-en^ne 5nns 
wore overloaded. The decision came “from the summit” that we 
would fight with the weapons in hand. First priority was given their 
praluction in immensa quantity. Consequently, the Durand com¬ 
mittee had to arrange with nonaeronauticol firms to undoitake the 
development of turbojet engines for possible later use to power lighter 
Airplanes. 

Over Some 20 years, aerodynamic and jiowerijlant improvement, 
much of it based on application of research resultsi, pernutted the 
top sjjecd of military airplanes and the cruising speed of commercial 
airplanes to be doubled j the air loads imposed on the faster airplanes 
were severely increased,esjieciaily In rough air and when maneuTcring. 

The loads research group at tho Langley Ijaboratory consisted of 
but 20 men in but their contribution was considerable, notably 
tlio V-G recorder ^V for velocity, G for gravity) by R. Y. Rhode and 
If. J. E. Reid. It was devised to measure continuously tJie loads ei* 
[icrienced by an airplane flying in rough air. This was but one of 
m&ny novel instrmnents which ^ACA engiTiecrs have devised for 
precise measurements in flight. 

Tlie research problem directly related to loads deals with structures 
to cany the loads. Hera again the manpower available at Langley 
prior to World War II was small; ns late as October IMO, only 10 
men were working on airplane structures. Their work was concerned, 
principally, with fundamental knowledge about structures from which 
a trustworthy theoiy* could be developed for design application. Del¬ 
icate experiments and mathema tical analyses dealing w itli the behavior 
of thin-walled cylinders, stifTened panels, and other structural units 
produced useful conclusions that were used on our World War II 
aircraft. 

On October 7, 193!}, Dr. Amea resigned from the Committee be¬ 
cause of failing health. Ilia responsibilities as ebainnan of the Com¬ 
mittee were given to Dr. Vannevar Bush, who had been serving both 
os vice chairman and as chairman of tlm executive committee. 

Note has been made already of the manner in which Dr. Ames had 
provided leadership of the highest quality to the Committee for nearlv 
a quarter-century. The letter President Roosevelt wrote upon the 
occasion of his retirement contained this statement t 


Our BepubUe woolit not be worthy of the devoleO eenite yon have molem] for 
nver j-ents without compeaBntlDn if It ciiulJ nrtt cm this occasion ficiuse to pay 
tribute where tt Is bo Justly due .... That the people Fencraliy have not knotm 
of yc5iir hrllilopt and patriotic seirlee li beenttse It lias been overshadowed by your 
passion for aecouipIlBhineiit without publirity. But the fact remnliiKi aud I ato 
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happT to joa that the remerkAblfr pr^^Fe^ toi toMMj ^eara Id the lui- 

proremcDt of the performance, efflcJeney, nad safetj af Aineri™! nlxmtt^ both 
mUJbiiry and oommorcLal.^ haa been due largely to joar own Loador^ip 

Id the deTiOlopment of new reaearoh faellftleB and in the orderly proseention of 
compTehenaiye research programs. 

The Cemmittee^s resolution^ tendered to Dr* Ames in Baltimore by 
a special delegation said: 

When aerenantlcal sdence w*a stniggllng to dlBcovor Ita fundamentals, his 
was the rlslon that saw the need, for novel research fndUtles find for orgnalaeil 
and saatalnad proaecotlon of scTeotitle laboratory re^eamh. Bis waa the pro- 
feaslDbal courage that led the Committee along aelontme paths to Important 
dLseuverleg and contrlbtitloDS to progresa that hare placed the United States In 
the forafront of progressive nattona in tbe developineat of aeronautics^ HJs 
was the executive ability and far-sighted pollciy of poblEc serrlce that, without 
seeking credit for himself or for the Committeet developed a research organ 
tlon that holds the contldeniie of the govemmeiitiil and Indostrlal agencies com- 
cemedi and commaDdB the respect of tbe aeronautical world. Withal^ Dr. Ames 
was an htsplrlng leader of men and a man beloved by all his colli}aguea because 
of hlfi rare gnallties. 

In July 1041, tbe President appointed Dr. Bush director of the newly 
established Office of Scieiitific Kesearch and Development, and he re¬ 
signed as diairman of the NACA. The writer was elected clminnan, 
tm honor he has been privileged since to bold. 

'ffORLO WAA n AND AFTCK 

The war years for the KACA were plagued by the necessity for 
rapid expansion of the civil-scrvioo staff from hardly 500 in 1939 to 
more than 6,800. Trained engineering personnel were unavailable. 
Consequently, it was mandatory tliat professionals be spread ever 
thinner, while loom Bxeta, toy makers, mechanics;, blacksmiths, and 
women school teachers were recruited for jobs they could do or for 
which quick instruction could bo given. 

Especially in the matter of skilled matiagement of research pro- 
grams, the NACA might have been expected to be sorely weak. And 
yet, somehow, with each expansion of effort, now leaders were found 
from within the permanent NACA staff, No sooner did Henry J. E. 
Eeid, director of the T^rnglcy Laboratory, see some of his beat men an 
tlieir way to build the new laboratory at Moffett Field— named in 1944 
in honor of Dr, Ames — than the process of designating the leaders of 

tlie new engine laboratory—named in honor of Dr. Lewis in 1948_^was 

began. Smith J, DcFrance was named director of the Ames Aero¬ 
nautical Laboratory, and later Edward E, Sharp became director of 
the Lewis Flight Propulsion Laboratory. Both of these men were 
senior members of the permanent staff at Langley, 

NACA’s war effort was of necessity devoted very largely to applied 
research, the business of finding «quick fixes” to make existing aircraft 
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better performers, aod p^iduction engines more pow^erfuL Fortu¬ 
nately» a considerable haoklog of design data was ayailablo for appli¬ 
cation to sncb objects as low-drag wings, high-speed propellers, sta¬ 
bility and control, and improved systems for cowling and cooling 
engines^ Between December IMl and December 1044, the Commit¬ 
tee’s research centem worked on 115 difTerent airplane types. In July 
1944, 7S different mcxlels were under simultaneons investigation. 

Perhaps the best comment on the value of NACA’s World War II 
work ia to quota from a statement by tlia late Frank Kno^, made in 11H3 
when he was Secretary of the Navy: 

New are weapona of imnieiifle fll^LllcaDc& Tte United States Nary waa 
the to devdop flirdiaft capnU# uf ¥erticaL dlTo bocnbliiR: tbis waa londe 
IXHfslble by tlic pnoj^ecatioa of a pto^cnm of adentLflc research by the NACA. 
Tbo Naiy'a famoim dghteFa—tbe Coraalr, Wildcat, sad Helicftt—nire poaalblc 
only hocauae they were based on fundaraentals developed by the KACA- An of 
tbcin itae KACA wlna secUonji^ NACA cDoilaK metfaodB, NACA hlab-llft devices 
The great sen Tlctorics that hare hrohen Jopaa'a cxpandlog In the radhe 
wauld Dot bB ¥0 been poeslblc wlthont the conti^butionB of the NACA. 

Tlie end of World War II marked the end of the deYelopment of the 
airplsno as conceived by Wilbar lUid Orville Wright. The power 
available in the newly developed turbojet and rocket enginos for the 
time brought wlttiin man'e reach flight through and beyond the 
speed of aoiind. 

In tlie years following World War II there were clianges, too, in 
the membersliip of the Committee. In 1948, the death of Orville 
Wright closed 28 years of his membersliip on the NACA. Tliough he 
was bat one unoug many strong men who had given of time and talent 
to tlie work of the Committee, his passbg sharpened the realization 
that in the working years of one man’s life—between December IT, 
1003, and Jannai^ 30, 1046—the speed of the airplane had been in- 
creased from hardly 30 mpb. to almost 1,000 mph. 

In 194S the membership of the Committee was increased to 17, 
Tills permitted tlie inclosion of a representative from the Department 
of Defense, presently the Assistant Secr^ry (Eeseardi and Develop¬ 
ment). Since the war the Committee has included one Presidentinlly 
npiminted member from the airframe, the engine, and tlie air-transport 
indnstries, thus insuring awareness of the needs of those major seg¬ 
ments of American airpower. 

In 1948 Dr, Lewis died. In 1945, his health broken by the war 
edort, he had been forced to withdraw from active participation in the 
work of die Committee. For almoet two years, John W. Crowlry, Jr., 
served as acting director of aeronnutical research. With the Com¬ 
mittee since 1921, Crowley had been chief of research at I^angley for 
a number of years. He provided vitally needed leadership during a 
critical period. 
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To succeed Dr. Lewis, tlie Coiuniittee in 1947 chose the Associate 
Director of the National Bureau of Standards, Dr. Hugh L. Dryden. 
Ho was no stranger to tlie NACA, Trained in physics and mathe' 
inatics by Dr. Ames at Jolms nopkins Dnivei'sity, iie liad gone to the 
Bureau of Standards in 1917, where he soon earned an international 
reputation by Jus aerodynamic researches in turbiilcnoe and boundary 
layer. His new task at tiie NACA was extremely difficult, yet it was 
vita! to the Nation that a “new look’* at the postwar situation be t akeiij 
and new ob|ectives dehned in terms of supersonic jet-propelled ve¬ 
hicles potentially available for tlie worldwide exercise of air power 
and, eventually, for civil air transportation. 

At the end of World War 11, the most urgently sought goal was 
attainment of practical digUt at supersonic speed. It was realized 
that success in tins effort required new knowledge which could be 
obtained only with new tools and new techniques. Dven before the end 
of the war efforts were made to acquire ne^ed data. Efforts to de¬ 
velop useful transouic aerodynamic ^eory had failed and it was neces¬ 
sary to resoit to direct experimentation at velocities passing tlirough 
tlie speed of sound. The fact timt the principal tool of aerodynamic 
research, tiie wind tunnel, was subject to “choking** phenomena near 
the speed of sound forbade Its use for the critical experimentation. 
Entirely new toclmiques Iiud to bo devised. Tiie NACA’s attack was 
broadened to include all approaches which offered promise. 

The earliest attempt used especially instrumented aerodynamic 
bodies dropped from a high altitude, but it was not until late in 194a 
that advances in mdar and radiotelemetering equipment made it poa- 
eiblo to obtain reliable data by this method. Even then, tlie ve]ocit 3 ' 
of li. free-falling body seldom went much beyond a Mach number of 1 
(M= 1 equals the speed of sound), 

Otiier attempts souglit to use the acceleration of airflow above a 
curved siirfaoo. Small model wings were mounted near the leading 
edge of the wi ng of an airpla ne. In this way, lift, drag, and other aero- 
dynanuc characteristics of the model were measured. The method was 
employed niso to study stability and trim of airplane shapes in the 
transonic speed range. The same principle of accelerating airflow was 
tried with small models positioned over a “hump** in the test section of 
a subsonic wind tunnel, but scale effects complicated the interpretation 
of tost results for use in desi^ 


Use of rocket-propelled models fired from the ground followed tha 
first work with free-falling bodies by about a year. As hustrumenta- 
tion has been unproved, this technique has become a valuable tool for 
transonic re^arch By- the addition of powerful booster rocketsL 
mod«to of tills kind .re tamg nred lo stnd, .erodjnamic pi-obloms ol 
speeds ranging up to a Mach number of 10 and higher, lie fact that 
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verj' liigh speeds are reached at low altitude, where the air is dense, 
mates the aerodyrvainic data readily unable for plane and missile de^ 
agn- In 1945, the NACA established a Pilotless Aircraft Eesearch 
Station at Wallops Island off the Virginia coust, to carry on this work. 
It U attached to the Langley Laboratoiy* 

In 1943, the idea waa advanced of nsing speeiaUy designed piloted 
airplanes to esplore the transonic speed range. Proiselled by powerful 
rocket engines and provided with elaborate data-recording equipment, 
the research airplane could be safely flown at high altitudes where the 
density of the air, and hence the loads imposed on the structure, would 
be Iow\ 

Tlie spectacular accomplishments of the research airplanes—the 
Bupersonic flight of the Bell X-1, October 14, 1047; the twHce-tlie- 
sp^-of-sound flight of the Douglas D-558^I1, November 20,1953, and 
the even faster flights of the Bell X—1—A which followed soon after- 
have sometimes obscured the fact that these airplanes were tools for 
research- Ttiese flights are historic; all agreed os to the rightness of 
the Collier Trophy award to three men for tlie year 194T: Jolin Stack, 
Langley Laboratory, for conception of the research airplane program; 
Laimnce D. BeE, for design and consl ruction of tho X-1^ and Capt. 
Charles E. Yeager, tJSiVF, for making tho first supersonic flight. 

But even more valuable than the dispelling of the myth about the 
sound barrier was the accumulfttion of information about the tran¬ 
sonic speed region* The sba^ and the performance of tactical military 
aircraft which have been designed since reflect the use of data obtained 
by the research airplane progi-am centered at the XACA^s Tligh-Spewl 
Flight Station at Edwards Air Force Base, Calif, 

Despite the success of this flight program, there remained the need 
for a technique wliereby transonic experimentation could be carried on 
under the closely controlled conditions possible only in the laboratoiy. 
Actually, the data coining from tlie research airplanes accented tills 
need, because tliey pointed up the fundamental problems of fluid me¬ 
chanics that would have to bo studied in great detail for the design of 
useful supersonic aircraft. 

By late 1950, following intensive theoretical work, there was put 
into operation at the Langley Laboratory a new type of wind tunnel. 
Incorporating a “slotted throat*' at the test section, it was free from 
choking near the speed of sound and truly could bo described as a tran¬ 
sonic wind tunnel. Again, the Collier Trophy was awarded to John 
Stack and liis Langley associates for ibo conception, design, and con¬ 
struction of liis most useful research tool. 

^ One must appreciate the very great difference between airplane de¬ 
sign in the past and today* In the past, tlie difference between the best 
design and the second best, assuming the same power, might be at most 
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only a few niOes rd Iioup^ Now the differsnce mny bo measured in hun¬ 
dreds of miles an hour. The art is being extended so rapidly that no 
longer is ihcto a comfortable time margin between the acquisition of 
research data and its application. 

Hardly had the first of the NACA's transonic wind tunnels gone 
into full operation, m 1951, when Bichard T. Whitcomb, a young 
engineer at the Langley Laboratory, began tho experimental Terifica- 
tion of what has since become known os the “area rule,” In essence, 
IVTiitoomb worked out a tationat way to balance the lengthwise distri¬ 
bution of Toluma of fuselage and wings to produce an airplane f onu 
with minimum drag at higli speeds. Seemingly slight modifications 
to the shape of the airplane fu^lage greatly improved performance. 

As soon as the new design principle was verified in prclimimry 
form, it was made available in confidence to the designers of military 
airplanes and the new information was promptly applied. 

In one instance, the prototype of a new fighter aircraft was unable 
on test to attain supersonic speeds. With the deceptively subtle modi¬ 
fications dictated by the “area rule,” the airplane enjoyed a perform- 
anoB gain In speed of as much as 25 percent. 

At tho velocities contemplated for our future missiles and airplanes, 
lempeiatiires nieasured In thousands of degrees Fahrenheit will he 
encountered owing to aerodynamic heating—friction. The consequent 
structural problems are little short of fantastic and, with presently 
available materials of construction, the solution is not in right. More 
research is needed. 

The performance possible firom the harnessing of unclear energy 
for airplane propulsion would be nonstop flight over virtually un¬ 
limited range. Again, one is faced with problems of enormous com¬ 
plexity and difficulty, but national socurity requires that research and 
development be carried forward with imagination and vigor. 

Millions of passengers arc now carried by air. Air transportation 
also expedites the delivery of great volumes of mail and goods. Air¬ 
liners regulaxiy span oceans and continents, and smaller utility planes 
serve remote regions in the Arctic and tropical jungles. There is 
promise of helicopter service between nearby cities, with no need for 
large outlying airports. 

Tho safety record of civil aeronautics is reniarkably good, but it 
is never good enough. We still read, from time to time, of disasters 
from collision, fire, storm, human error, and, rarely, from structural 
or mechanical failure of the airplane itself. The human pilot is aided 
by wonderful instruments and by radio, radar, gyros, etc., hut we 
still depend on Ids judgment and skill, He must be better protected 
against noise and fatigue—subjects for research. 

Air transportation is fast and can be faster. But greater flight 
speed is illusory if it requires too long a cliuib to reach the high altitude 
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oece^r; for ecoQomy. Furthermora, higher-speed eirplanes tend to 
require lougsr niuvays and bigger airports. Tliis could mean a new 
program of alrpoit building at colossal eipensc, with die new airports 
even farther from the passengers' ultimate destination. Getting to 
and from the airport could oonsume more time dian is saved by faster 
flight Research continues on improving landing and takeoff char¬ 
acteristics of airliners. 

It may be that airliners of the future will be designed to the limita¬ 
tions of the airports they are to serve, just as inuisatl antic steamers 
are designed to enter only a few major seaports, where the channel 
and piors have adequate depth of water. 

Civil aeronautics con make its greatest contribution to trade and 
OQoimerte under a favorable international climate of free interchange 
of people, goods, and ideas. Greater economy, cfEcieiicy, and safety 
aro prerequisites for its full utilization. Research can show the way 
to advance towai^ these goals. 

Through the years the NACi lias been provided by Congr^ with 
tlio most modern research equipment at a total cost of approximately 
300 million dollars, and the present operating statf numbers about 
7,600 pei*sonB of whom over 2,000 have professional degrees. These 
resources, in the present hostile and tlireateniiig international climate, 
are directed for the most port toward research helpful to national 
security. Research to improve military aircraft is ultimately applied 
to civil aviation, when proved to be thoroughly practical by experience, 
but there are differences in emphasis, because safety, comfort, and 
economy are relatively mote important in civil airplanes. The Ck>m- 
mittee has numerous investigations in progr^ which are directed 
toward the immediate problems of civil aviation, as for example the 
work on noise, icing, fire prevention, atmospheric turbulence, and 
reduction of landing speed. 

A more favorahlo intematioaal climate would permit greater em¬ 
phasis on civil aviation, but it is likely that for some time to come the 
national security will require a great efTort to penetrate more rapidly 
into the vast region of the unexplored and unknown. The Committ^ 
feels its responsibility for gmdance of the over-all research effort in 
aeronautics, and it is hop^ that through its work aeronautics may 
make the maximum possible contribution to human welfare. 
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A Transatlautic Telephone Cable^ 


By H* A. Affel 

Tiw Fmidtnt^ BeU Telephone t^bersiaries 


In the fau, of t055 t£lepKon& coumuiucatioii iras ^tablished for 
the first time across the AtJaiitic by meam of a submarine cable. In 
the Hammer of 1&56, when weather conditions perniit, a eecood cable 
will be laid to provide the return transmission patlis for the speech 
channels. The n^w cable system will then become a reliable addition 
to tlie global telephone network which Unks the continents. 

In the summer of 1D55, the British cable ship i/onaroA^ with hun¬ 
dreds of miles of cable stored in its bold, set out from Newfoundland 
shores in the direction of Sni^tland to lay the first section of the new 
telephone cable, Somewliat less than a hundred years ago the old 
Great Eastern set forth from Ireland westw^ard toward Newfonndland 
to lay the first successful transatlantic telegraph cable. 

Superficially, the old telegraph cable and the new telephone cable 
would not look much different in the process of paybtg out oi^r a large 
sheave on the bow or the stem of a ship, but at this point the Bunilarity 
ends. In the ca^ of the first crossing, the cable provided one very 
slow-speed telegraph channel—at the most n few words per mmute. 
The new’ cable will provide 35 talking path& If employed e.vciusively 
for telegraphy, it would yield more than 600 high-speed telegraph 
ohaimeis having a total capacity of 30,000 words per minute. Tlvis is 
considerably more than now derived from all existing transatlantic 
cables or, indeed, all the deepsea sid>mBnne telegraph cables in the 
world. 

The improvement in information-trarkHinitting capacity le a rough 
measure of the advance in performance tliat the new cable represents. 
In detail, a century of technical progress lies between the two projects. 
Tills would be more evident if one opened up the cable to examine the 
insides, or if one w'aitetl until, in the course of paying out the cable, 
there appeared n bulge in the new etructure lor a distance of some 
20 feet. But this is getting ahead of the story. 

* Tbis article Is based iaTt;elx oa a detailed technJcal deacrIptJan of tbe aame 
title b 7 Merrill J. Kelly, Sir W. Gordon BadlCT, G- W. GilmaD, end E. J. Hal«r, 
which wsb delivered aa a palter In the aprliia of before the BrlUah Inst itatlon 
of mectncDLl En^eere and the American inatitnie yf Elect Heal linMicLMr*. 
pubUihed In Electrical EDglneerin^, vol 74 No. 0,105*. 
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SOME HISTORY 

A. traneatlantic cable was envisioned not many years after the electric 
telegraph had been bom. As early os 1S40, telegraphy was being 
applied over land circuits, both nnderground and overhead. 

The diet transatlantic telegraph cable, laid in 1858, failed a few 
weeks after it liad been put in service. It was 1866 before more sclen' 
tific studies, chieSy under tlie direction of Sir William Thompson 
(later Lord Kelvin), inspired renewed faith in tlie project so that a 
new cable could be laid which continued to operate satisf acton ly. The 
foresight, courage, and determination of Cyrus W. Field, an Ameri’ 
can, were also powerful factors in the ultimate sneoes of the under¬ 
taking. 

Decades after the first transatlantic telegraph cable there came radio 
lelegraphy, then radio telephony. Transatlantic radio telegraphy 
started with the Marconi experiments in 1901. In 1927 commercial 
transatlantic radio telephony was maugurated. This has grown over 
the years until now there are some 15 ladJo-telephonB circoits in 
Operation between the two continents. 

Kadio has the advantage of being comparatively inexpensive os 
compared with transatlantic cables, but radio, either telegraph or 
telephone, for the distances Lavolved, has proved to have serious 
weaknesses. Tire wavelengths that are available and useful for the 
aingle-spon operation across the Atlantic are greatly dependent on 
Nature’s vagaries. Transmission is frequently interrupted for hours 
at a time, particularly in periods of unusual sunsjiDt activity. 

It was not until abont 1928 that advances in the technique of con¬ 
structing submarine cables, togedicr with the science of electronics, 
had reached the point where serious consideration could be given to the 
design and laying of a transatlantic telephone cables The American 
Telephone and Telegraph Co. made a good start on this project, but 
this was interrupted by economic considerations resulting from the 
depression of the thirties. Had it not been so inteiTuptcd, it is likely 
that such a cable would have been installed, Xt would have provided 
a single reliable talking path across the Atlantic. Its cost, however, 
would have been many times that of a single radio-telephone link. 

Aa a tochnicat ftcIiicTOment, it would have had sometliing like 1,000 
times tiie message-canying capacity of the original transatlantic tele- 
grapSi able. In addition to taking advantage of improved materials 
and cable construction, it would liave incorporated at the terminals 
vacuum-tube amplifiers capable of boosting the feeble voice power of 
a telephone ti^ittec manyfold to enable it to override the high at¬ 
tenuation of the cable for the voice currents. ^ 

The of tr^tlandc OTmmunication is fasciaating and lias 

been ™ll document. I„ ike KeWn L,cl,„, before tb, 
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of Electrical EDgineers in 1043^ Dr. Oliver E, Buckley, then pr^ident 
of the Eel] Tekphone Labomtorles, eiLDfnnarizcd tJie statna of and 
prospects for tninsoceamc telephony. He oonunented ou the fact that 
the interruption of tho first telephone cable proposal may^ indeedj have 
been fortunate because it offered an opportunity later for a new ap¬ 
proach that led to tho pre^nt project, which ia not only teclmically 
sound but economically jtistifledi because it provides not merely one^ 
but a largo number of telephone circuits. 


SOME BASIC PROBLEMS 

Consider briefly some of the problems tluit mate long deep-sea com^ 
munication difficult. Structurally, the cable is dkanniiigly simple. 
It generally consists of a sizable fiexible copper wire, Eurrounided by a 
layer of flexible insulating material (in the early days guttapercha), 
which may be covered with some fabric. To give It pltysical strength 
to resist abrasion, and tension, it is further covered with a spiraled 
layer of heavy steel wires* Over-aU, the structure may bo from % to 
inches in diameter. 

Of cour^, the insulating material must not have any holes to permit 
the sea water to reach the histde conductor under pressures w^hich, for 
an Atlantic crossing, may reach several tliousand pounds per square 
inch. It must also witlistand electrical pressures, resulting from the 
voltagtss necessary to signal over the cable. 

In our present technical knowledge the electrical problems can be 
approached quite scientifically, but in the early days of transoceanic 
telegraphy things were not quite so simple. Experiment ere with elec¬ 
tricity fairly ejirly became aware of the fact that any electrical con¬ 
ductor iusulated from ground has the characteHstic of acting to store 
or soak up electrical energy to a degree depending on the size of the 
conductor. Thi 3 characteristic was termed “capaci ty* 

Long wire circuits naturally had greater capacity than short cir- 
cui te This capacity is not general ly harmful in a circuit of established 
conditions in which the current flows fimm one end to the other, but it 
was not at first realized that an effort to vary the current in order to 
produce telegraph signals could be seriously frustrated by the capacity 
that exists in a long submarine cable circuiL 

It acts as if the signaliug path conai^ed of a long trough of water 
and the signals wore received as changes in tlie kvel of the liquid^—but 
the moss or volume of the water in the trough swamped out most of 
the IotbI changes that wiore imparted at the sending end—particularly 
the fast ehangea involved in rapid signalling. There wmuld also be 
considerable time delay as tho wave passed from end to end* 


* Mere leciiiit temEiioloav Is 
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Apparently it was tlioujrht by some tbat the use of higher voltages 
would tend to overcome tlie capacity effect. This may liave been part 
of the reason why very high voltages were applied to the firat trans¬ 
atlantic cable. The insulation was seriously affected^ making the cable 
unworkable and discouraging fnrtiier efforts for several years. How¬ 
ever, as noted, by a more complete understanding of the physics of 
the problem, under tlie leadership of Lord Kchdri, terminal equipment 
and oporating teclndques wera devised whicli imposed lesser stresses 
on Uic cable insulatiom Reliable transoceanic cable tcl^p:&phj then 
came into being (186S}* 

Even then tlie operating qieeds were only of the order of thrw words 
per min uto—very modest, but neverllieless an aebievement, considered 
in the light of the fact that the alternative at the time was no dii'Oct 
communication, only a delay of days, if not vfeeks, in getting messaged 
across the Atlantic via ship. 

How far such a telegraph cable falls sliort of serving for telephony 
will be appreciated from the fact that the current fluctuations, or range 
of frequencies, required for a single speech path are roughly one thou- 
sond times as great as the slow-speed telegraph signals. It is not sur¬ 
prising therefore that it took many decades to achieve performance of 
this Older, 

In the meantime, the communication needs a(ir<^ the Atlantic were 
being augmented from time to time, until there are now some 20 tele¬ 
graph cables, as weD as numerous radio-tdegrnph and more than 15 
radio-telephone circuits, lietween the two ContinentSw 

STEPS TOWARD THE ULTIMATE TELEPeONE CABLE 


Beginning in lOlO a email development group was organized under 
Dr. Oliver E+ Buckley at the Bel] Telephone Laboratories to study tlio 
problem of increasing the tranamission capacity of long deep-sea 
cables. These studies led to several important developments. 

1.—Experiment were made and cables successfully kid using “load¬ 
ing’^ in order to improve their transmission capabilities Loading is 
a process of adding 'inductance-" along the cable in order to 
offset tlie effect of the capacity effects which have been previously 
noted. Inductance may be added by inserting coils of wire at mtervals 
in the cable, or by surrounding tho conductor witli (apes of some mag¬ 
netic material. A special magnetic material cfilled poniiinvar woa de- 
visfed for this purpose^ 


The addition of loading to cables greatl^v reduces tho effect of ca- 
pnoty and mokes it possible to use much longer cables for a niren 
amount of distortion, or it may permit higher aignnluig speeds for s 
given cabl^ However, one difficulty with loading is that it imposes 
an upper limit on the speed of operation. In other words, it limite the 
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baud of frequ&nciea ^hich caji be trauaiuitted. Loading was, how¬ 
ever, a feature of the proposed amgle^chaiiuel telephone cable of the 
thirties. 

2-—Incident to the other work, better inaterials were deviecd for use 
as msulator& These included a material termed paragutte, a mixture 
of guttaperclm and rubber, which served effectively as n substitute for 
tlie guttapercha of the earJior cables. Moi^e recently, another uiaterial, 
which was originated by the Imperial Chemical Industries, culled poly- 
ethylene (polytJiene), has been found to have greatly superior qualities 
as an insulating material for cables* 

A very usoful improvemont in cable atructm^e for long cables con- 
aisled in providing a defmite path for the return emrenta by adding a 
thin couxially located sheath of copper outside the insulation, instead 
of permitting the return currents to follow the ocean path. It also 
lowers tluj attenuatioTi of tho cable for liigh-ftequoncy currents. An 
mcidental advantage is that if tliera are spurions currents in the 
ocean which nmy get into the cable circuit, the coaxial return con¬ 
ductor effectively shuts them out and permits the application of higher 
amplification on the cable, 

3.“But the most important advance in thinking leading to the 
final concept of a multichannel cable consisted in the application to 
undersea cables of the techniques that had grown up over the years 
for overland cables, namely, the introduction of amplifiers or repeaters 
in order to booet the feeble cable currents at intervals before they have 
a chance to liccome sufliciently attenuated to be lost in the background 
disturbing currents of a cable circuit 

The proposals of Dr. O- CuckJey and hig aftsociat^ in particular 
O* B. Jacobs, inchided certain fundamental features that led to the 
present successful telephone cable system: 

—Relatively closely spaced, low-power rejasateis, which favored 
the development and application of vacuum tubes having a Jong life. 

2. —The use of separate cables for opposite directional transmission, 
which minimis&ed die problem of two-way transmission^ 

3. —A Sexible repeater structure inooqiorate J under the cable armor 
to minimize lajiug difficulties and having necessary physical strength 
to function satisfactorily at depths up to sc vend miles and with ten¬ 
sions of thousands of pounds often involved in normal cable-laying 
operatrona. 

The details of thia amplifier structure, how it retains its flesibility 
to pass over a sheave several feet in diameterat the same thne main¬ 
taining its integrity from tlie standpoint of water seepage, will be 
told in more detail later. These amplifiers are installed at intervals 
of ^nie 40 nautical miles across the Atlantic, and the power necessary 
to actuate their vacuum tubes is fed over the cable conductor which 
also carries the communication eurrenta 
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For those who are unfamiliar with an amplifier of this sorh it mtxj 
suffice to note that, in basic principle, it is not unlike that which forms 
part of any radio receiving set in order to amplify the speech waves 
from a minnte amount to that which finally radiates from the loud* 
speaker. In. the case of the cable, the ampli'fiera are dtaignatl to be 
effective over a very wide fre<iuoncy tiand so that they have carrying 
capacity for many voice channels when used with terminal equipment 
of the proper type. Tlie vaoutini tubes involved must necessarily be 
very special and have lives many times that of conventional tnbes- 

In pursuing this problem of amplification in long cable circuits, 
British engineers later devised amplifiers that are housed in long tank¬ 
like structures. These are suitable for relatively shallow water condi¬ 
tions and are laid by somewhat different techniques. 

In the new transatlantic coble, whoso route is shown in figure 1, the 
major deep-Bea portion of about 2,000 miles is equipped with the 
flexible amptiliersL The shallower section from Newfoundland to 
Nova Scotia--some 330 miles —is being equipped with tank-type 
ampli fiers having some wh at greater channel -carrying capacity. Th is 
route is partly overland. 





Fhsuu I,—TributUn^e atilr n>uE«. 


In ^ C4IM of the long deep-sea portion, a separate cable is laid for 
ewh dr^Uon oftran^on. In the abaUow-end section a single 
coble Bufiic^ for both directions of transimseion. ^ 

The whole transatlantic circuit, from working terminal to working 
terminal, is a splendid example of the adaptahilify of modern com 
munication p^ctiCM. For example, from Nova Scotia to New York, 
where m(Mt of thecirmita will terminate, the circuits are krccly ovS 
rtpeatered microwav^a radio Ijri V^ ^ ^ 

The eible <«>^qnee being used, porticuhirlj the deep-see portion, 
hew preveneir bed . trtn.ut.» other inetelletiene. Ko .pp™b,S 
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is felt about their continued success, oltliough the prerious experienoes 
have beesn for shorter distances. In the case of the deep-sea section, 
the same technique was employed in 1950 for cables between Key West 
and Harana, some 120 nautical miles long, haring three repeaters in 
each direction. Tins system baa operated over 5 years with no notice¬ 
able deterioration. 

The whole project has required great attention to detail and great 
precision in design and manufacture. Very small differences in the 
cable and in the amplifier performance would, if allowed to aocomn- 
late, have serious over-all results. At least 20 years' life has been the 
objective in designing the elements mnlrin jy up the cable system. 

It is possible, of course, that in time certain parts of the cable or 
repeaters may become faulty and will have to be removed. This is 
done by grappling and raising them to the surface from a cable 
ship. Unfortunately, each time this is done in deep-sea section it is 
necessary to split'e in a longer piece of cable than already existed. 
This is hecanse, when the cable is first laid, it follows the bottom closely 
and, since it has very iittie stretch, it is almost impossible to pick it 
up by grappling in the deepest sea portions without first cutting it at 
the bottom. The two ends are then brought up separately and repaita 
ace made. A new section of cable;, perhaps as long os 5 or 10 
must then be spliced in to close the gap. 

What follows gives more details of the new project and, as noted, 
is largely taken from the paper “A Transatlantic Telephone Cable,” 
by Mervin J. Kelly, Sir W. Gordon Sadley, G. W. Gilman, and R. J. 
Halsey, publidied in Electrical Engineering, voL 74, No. 3, 1955 
(see footnote 1, p. 273). That paper goes into more detaU in his¬ 
torical and otluir aspects of the projecL It slmuld be referred to for 
a still more complete appreciation of die nmoerous technical prob¬ 
lems that had to be solved to obtain assurance that a project 
representing an outlay of as many millions could be relied on without 
unreasonable maintenance. 

BACKGROUND OF A^fERIGAN EXPERIENCE 

As noted previously, when the prop<^t for a transatlantic telephone 
cable was first considered, electronic techniques were becoming estab¬ 
lished in land-cable practice, althongh they had not reached the point 
where serious proposals could be made to lay a submarine cable with 
submerged repeaters on the ocean bottom. To permit this, further 
improvements In technology were required, notably the use of ampli¬ 
fiers whose performance could be stabilised by features such as nega¬ 
tive feedback and long-life vacuum tubes. 

Kegntive feedback is a modification of an amplifier circuit which 
greatly improves its stability with time and power fluctuations- It 
tends to insnro that the amplified currents are an exact replica of those 
aroMio—M-ID 
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that are applied to tlie input, with the ezccption, of course, that they 
aro much larger in amplitude. 

These developments contributed greatly to long-distance multi¬ 
channel telephony in the early thirties. Until they were avallfthle, 
tile only kind of repeatered transatinntic-cablo system that could he 
imagined was ono in which the repcatera could be mounted on moored 
platforms at sea or in submerged buoys fed with power from local 
batteries and visited at intervals for maintenance and repair—an 
arrangement considered impractical. 

The advances made in the long-distance systems for land use by 
the early thirties involved not only vacuum-tubo repeaters at frequent 
intervals on open wire lines and cables, but tlie use of carrier systems 
in order to obtain many talking channels tlirough one set of conductors 
and repealers. Carrier systems obtai n their name by vi rtue of the fact 
that each talking channel is associated with ite own “^carrier” current, 
the diiTerent carrier currents having dHTerent fmiuencies. By the 
use of a number of carrier currents, the combined intolligence of 
several speech channels can be joined at the sending end of a circuit 
to pass over one set of conductors ancl through a single repeater. At 
the reoiivingend, the different carricre, with their intelligenije content, 
can be separated by Slters or t uned circuits responsive to the different 
frequencies, as they are in the process of selecting particular radio 
stations in the tuning-in procesa. 

The design of vacuum tubes reached a point permitting considera¬ 
tion of tubes whose effcctiva life would be extremely long. Tlwre grew, 
therefore, the broad concept of a transatlantic cable system using two 
nonloaded coaxial cables, one for each direction of tninsmisaion, into 
which the repeaters would be spliced at regular intervals. The term 
“coaxial” is here used to indicate a type of cable in which the return 
conductor consists, ns previously noted, of a thin sheath of copper sur¬ 
rounding the insulating material. 

Tire use of loading to Improve the transmission ciraracteristics of the 
cable was omitted since it was hoped that, by the use of a sufficient 
number of repeateis, i. a relatively short interval between them, a 
wide band of frequencies could be transmitted, providing many tele¬ 
phone channels, using a range of frequencies beyond which loading 
would no longer be effective. 

Detailed discussion of the relative merit of two cables versus one ia 
outside the scope of tliis paper. Ab a matter of present-day technical 
achievement, the twin cables, i. e., one-way operation in each, may 
be more economical on deep-water routes where traffic capac:ity is grow¬ 
ing rapidly. In the practical case, the pretont choice was also in¬ 
fluenced strongly by tl» need for a repeater of small sire which would 
cause a minimum of physical irregularity in the cable structure and 
therefore permit more practical deep-aea handling. 
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The repeaters required for the deep-sea system had to be designed 
to withstand the sliocks of laying and recovery and the pressm-e of 
water encountoreJ at the greatest depth on the Korth Atlantic route— 
approiimately S miles. 

There are tiirce \*acuum tubes in each repeater. These had to be de¬ 
signed not only for long life but capable of operating with compara¬ 
tively low powder and |K*teiitial to make it safe to supply power to oil 
the oO-odd repeaters from the shore ends without exceeding a safe 
working potential. This potential, iricideutally, ia of the order of 
2,000 volts direct current at eschtenninal. 

peep-sea repeater construction 

The desirahility of a flexible type of housing has been referred to* 
The structure, aa notedi is a flexible bulge in the cabki 10 feet long, 
and 2.3 inches in diameter, tapering, for a distance of about 23 feet 
at each end, down to the cable diameter- Tlie armor of the cable it- 
self is continued over the repeater tiousing but with extra armor wires 
added to get complete coverage* To prevent the twisting of tlie re¬ 
peater in the laying operution, there \s a second layer of wires with 
opjiosite lay. 

The structure of the repeater container is shown in riguro 2. It can 
pass readily aTound a eablo drum several feet in diameter, and over 
the bow sheave of the cable sldp without requiring that the ship be 
stopped* To attain tliiis flexibility, the repeater elements within the 
container arc inounted inside a series of plastic cylinders, successive 
units being held together by a spring assembly to form an articulated 
system. Surrounding this eeri^ of plastic cylinders is u aeries of butt- 
ended steel rings. There are two layers of idngH, the joints betiveen 
successive rings in the two layeTS being staggered* Over the rings and 
supported by them against collapse at sea-bottom pressurep there ia 
an envelope in Uus form of a long tube of thin copper* Over die copper 
tube are certain protect! ve cootinga and artuoring wines^ 

Tlie repeater enclosure ia terminated at each end with a seties of 
seals, compriaing, first, a glass-nietal seal adjacent to the repeater ele¬ 
ments, next, n plastic seal molded to tlie cable insulation, and, finally, 
at the extreme enda, a T-foot-long seal formed within a copper tuba 
which is an extension of the repeater housing. Sea water, in order to 
penetrate the housing, woidd tlierefore have to thread a long multi- 
barriered path* All the seals are adapted for the sea-bottom pres¬ 
sures that tliey may have to witln^tand. A partially sectioned por¬ 
tion of the seal is shown in figure 3, together with further details of the 
repeater structure. 

The 61 repeaters in each cable will be located at intervals of 37 nauti¬ 
cal niilcsL They will bo fed with direct-current power originating at 
eadi shore eud, as described later. 
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lonc-life tubes 

The vacuum tube finally adopted was a conservatively designed so* 
called suppressor-grid pentode whose details were finalized in 1041 
and whidi has not since been changed in any significajit way. Essen¬ 
tial featnrea of its construction are unusually low catliode tempera¬ 
ture and liberal iutemal apaeing between elcmcuts, with generally 
rugged imd shock-proof construction- Some of these tubes have been 
under continuous test for over 13 years and 18 have been in ojjera- 
tion for about 5 years in repoatera on the Key West-Havan» cables 
referred to previously. All indications are favonible for something 
better than 20-yenr life expectancy for North Atlantic service. 

OTHER COMPONE.NTS 

In addition to the tubes, about 60 other circuit elements have to be 
acconimodated inside the submerged repeater housing. These include 
resistora, capacitors, inductoin, transformers, and crystals. Like the 
tubes, those elements have been designed and fabricated so as to avoid 
all possible risk of failure in Bervioe. They liave also liad to meet 
requirements of ruggedn^ and reasonably small size. As in the case 
of the tubes, cost has fortunately been a less important factor than it 
is in many other applications. In the choice of details of design of 
the components, conservative design was followed. For manufacture, 
particular effort was made to select and train personnel for skill and 
pride in product. Extraordinary inspection tecliniqucs were em¬ 
ployed. 

CABLE 

The cable consists of a solid dielectric coaxial structure covered by 
the usual jute and armor for protection. In its broader aspects this is 
not unconventional, and the term ‘‘solid dielectric” is used to differen¬ 
tiate it from other types of coo-vial structure in which the insulating 
materia! is often permitted to include large portions of air or other 
gas. 

The composite central copper conductor consista of a central solid 
wire surrounded by a single layer of spiraling abutting tajies, care¬ 
fully fotmwi to fit close about the wire with a minimum of voids. Such 
a composite structure bus better fiexibility and protection against 
breakage than a solid conductor and has better alternating-current and 
direct-current resistance than a stranded conductor of the same outside 
diameter. The return conductor is also a flexible composite copper 
etnicture oonsisting of a single layer of abutting spiraling ta|je 3 care¬ 
fully formed into a tubular conrg^rntion. It is covered with an over¬ 
lapping spiruling cop[ier tape for teredo protection. A teredo is a 
small marine animal which bos a penchant for burrowing into the 
insulation of submarine cables to create serious current leakages. 
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As notfid preiviously, shortly before World War II, rtsprescntativeg 
of the Post Office brought polyethylene (polythene), a British develop¬ 
ment of the Imperial Chemical Industries, to tho attention of the Bell 
Telephone LmboratoriesL On teat, it has proved to have characteristics 
that make it superior to other insulating materials, including para* 
gutto, which liad been used earlier on some cabl^ It is particularly 
adapted for insulation where high frequencies are employed because of 
its low high-fiuquency losses. It is also more uniform in its character¬ 
istics and les3 pervious to sea water. 

DECISIOK ON TRANSATLANTIC TELEPHONE CABLE PROJECT 

In mSO the American group, after some previous shorter deep-sea 
trials, completed tlifi laying of two Key Weat-HaTana cables (i. e., for 
going and return circuits), each containing three repeaters having the 
Hexible structure previously discussed. These were laid in order to 
meet service needs for growing United States-Cuba telephone traffic, 
but, at the same time, the installation was made quite similar to tliat 
which would be employed in a possible transatlantic crossing. Tho 
maximum depth of water involved is of the order of 1 mile, rather 
than approaching 3 miles for the transatlantic crossing. 

Early in 1952, President Cleo F* Craig of the American Telephone 
and Telegraph appointed a committee to report on the feasibility 
of a transatlantic telephone cable. Following a favorable reijort by 
this committee, negotiations were opened between the American Telo- 
))hone and Telegraph Co. and tho British Post OlEce on such a project. 
In August 1952, George Ij. Best, vice president, and William G, 
Thompson, assistant vice president, of the American Telephone and 
Telegraph Co., went to London for a prearranged consideration of the 
matter witli British Post Office officials, including Earl Da T^a Warr, 
then Postmaster General; Sir Alexander Little, Director General of 
tlie Post Office; Sir Ben Barnett, Deputy Director General, and their 
associates. The ensuing discussions served to Uy a broad foundation 
for the project w hich Iiad also been on the minds of the Britisli officials 
for some time. The types of facilities to be used weto left for the 
tochnical organisations of the British Post Office and the Bell Tule- 
photiD Ijaboratoriea to consider and agree upon. 

Subsequently, Dr. Mervin J. Kelly, president of the Bell Teleplione 
Laboratories, and Sir W* Gordon Hadley, then enginecr-in-chief of 
the British Post Office, reported jointly on the status of aubmerged 
repeater development in the United States and in tho United Kingdom 
after independent studies by engineers of the company and of the 
Post Office. At that time, the cabio and repeater designs had al¬ 
ready been subject to stringent laboratory tests and had been given 
the practical trials referred to on the Key WesHIavana rout*. It waa 
recommended that these designs be used for the long link between 
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Newfoundland and Scotland because proved reliability is an essential 
requirement in a pioneering and coetl; feature such as the trans' 
at] antic telephone cablo, 

There had not been the opportunity to subject to comparable tests 
the elements in die British development using tank-type repeaters, 
particularly those which it tvos proposed to introduce as parts of a 
deepwater (os distiuct from a shallow-water) system. Nevertlieless, 
it was apparent that if a means for laying and recovering the large 
repeater housings in deep water without damage to die cable were 
later developed, die design would provide great flexibility in re- 
}>eatared cable systems of die future. KeUy and Radley therefore 
recommended that die British design should be used for the link 
between Newfoundland and Nova Scoria where the ivater is of mod¬ 
erate depth, and offered die opportunity for observation of a design 
based on ahnllow-water teclmiques. The design permitted a lower cost 
per telephone circuit on this short link. 

The Canadian Overseas Teleconununicatioa Corporation was asked 
to join in the enterprise because of its interest in overseas communica¬ 
tion and die desire to improve United Kingd.om-Ounada communica¬ 
tion. Administrative and technical discussions took place on both 
sides of the Atlantic and agreements were arrived at and formalized 
in a contract signed on November 27,1&53. Ownership of the system 
will bo vested in the American Telephone and Telegraph Co., the 
British Post Office, the Canadian Overseas Telecommunication Cor¬ 
poration, and the Eestem Telephone and Telegraph Co. The last is 
a subsidJoty of the American Telephone and Telegraph Co. and will 
be concerned with the facilities within Canadian territorial limits. 

GENERAL DESCRIPTION OF TUE COMPLETE SYSTEM 

A map of the complete qrstem has already been referred to in 
figure 1, and the route in Newfoundland is shown in greater detail 
in figure 4. This route between Clorenville in Newfoundland and 
Oban in Scotland has been chosen in order to be well clear of existing 
telegraph cables lying to the southward, and also to avoid known 
“holes^’ in tlie sea bed. Selection of a landing site in Newfoundland 
was determined by other practical considerations involving icebergs, 
other cable crossings, and provisions for a staff to maiataia these 
cables. 

Both the cables between Clanmvilla and Oban will be approxi¬ 
mately 1,0S0 nautical miles long; each will be equipped with fil re¬ 
peaters. The greatest depth at which a repeater will lie will be 
approximately 2,.'500 fathoms (3.6 statute miles); most will be at 
depths between 1,200 and 3,000 fathoms. 

Several alternative routes ooanecting Claretiville with Nova Scotia 
were considered, none particularly attractive from on engineering 
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standpomt On the route chosen the cable will he laid overland to 
Terrenceville at the head of Fortune Bay, thence, pickMg up the 
mahore route, in water of moderate depth to Sydney Minea, This 
part of tho system thus falls into two sections: to the east about 62 
statute milea overland and to the west about 274 nautical uiiles in 
coastal water in depths of about 250 fatlwma.' The ^le cable will 



be equipped with 16 repeaters; 2 of these will be on land. Each 
repeater consists of a combination of ampUfiers and filtarB in order 
to separate the different frequency currents in the opposite directions 
so that, in effect, the two directions of speech can be independent even 
though they pass over the same cable structuie. 


CmcmT CAPACITY 

Figure 5 shows the location of tlie various frequency bands used for 
transmission. The cables between ClarenTillo and Oban will have 
transmission frequency bands extending from 20 to 164 kilocycles per 
second (1 kilocycle equals 1,000 cydos). This, when used with the 
proper carrier-systcra equipment at the terminals, wiU provide capac¬ 
ity for S6 carrier telephone circuits at 4'kiJocycl6 spacing. 

The circuit capacity of the coble between Claremrille and Sydney 
Mines will be somewhat greater because it is planned to transit the 
frequency bond 20 to 260 kilocycles per second from Sydney Mines to 


•1 latluini=6 feet. 
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Clarenville and the frequency band 312 to 552 kilocycles per second 
in the roTor^ direction. The cable will therefore provide CO cnmw 
telephone circuits with channels spacotl 4 kilocycles nparU One of two 
12-channel groups in each direction not employed for transatlantic 
service will be used to provide 12 circuits for ‘‘local” telephone circuits 
between Newfoundland and the rest of Canada j the other will be held 
epara for the present. 

The junction point between the eastward and westward parts of the 
system at Clarenville will be in effect a group connector. The trtms- 
atlantic channels in hotli parts will apjtear here as primary group 
in the frequency range (50 to JOB kilocycles per second. Connection will 
also be made here to the local and spare group. Equipment to bring 
each of the 12 channels in any one transatlantic group down to ordi¬ 
nary speecli frequencies will be installed but not normally connected. 
Availability of such equipment is desirable for testing purposes. 

The traflic opcrntlug terminals will be in London, New' York, and 
Montreal. Twenty-nme telephone circuits will be put into rervice 
between London ajid New York and si* between London and \Iontreai. 
It is planned to split the thirty-sUtth telephone circuit at the western 
end between New Y^ork and Montreal and use it for other purposes. 

Telephone and telegraph circuits for maintenance purposes will be 
provided between Oban and Clarenville in the frequency band below 
20 kilocycles per second, as indicated in figure 5. Between Clarenvillo 
and Sydney Mines, telephone service circuits will be provided in the 
“crossover” frequency band between 260 and 312 kiloi^cles jicr second 
and telegraph service eixeuita below 20 kilocycles per second in one 
direction and 652 kilocyclias in the other direction. 

transmission objectives 

Since the transatlantic circuits w*iU serve to eoiuiect two extepive 
telephone networks on opjjosite sides of the ocean, incloding connection 
to the Euroiwan continent, which will bo reached through London, 
they are being designed to cause os little extra loss and other forms of 
impairment oa possible. For example, it has been agreed that the 
target for frequency characteristics of the charmela between London 
and New York or Loudon and Montreal should be as good as that 
specified by the C, C. I. T.^ for a 2,600-kilometer rntomationol cireuik 

Other objectives for the circuits compare favorably with those speci¬ 
fied for long-distance circuits wholly on land. 

cable details 

As already indicated, two cables will be used between Newfoundland 
and Scotland, one for each direction of trensmission. The cable used 


* ColMiJltiitif JntemAtloiml 
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on the transatlantic rout« will have a somewhat greater thickness of 
insulatioa than that included in the makeup of the Key Westr^Havana 
cable. The core diameter before the addition of the return coaxial 
conductor will be 0-62 inch. Figure 6 illustrates the typical cross 
sections used in d.ifferent parts of the oTer*all cable ^stem- It will be 
noted that tlie interior stmcture, namely, the inside conductor, tlie 
insulation, end coastal return conductor are the same in each case, the 
cables differing only in the degree to which external materials, includ¬ 
ing armoring, are applied, depending on the location of the cable. 

Manufacture of the cable demands control of the dimensional 
tolerances to a greater degree of precision tlmn has been attempted 
heretofore. This is because the large number of repeaters in the cir¬ 
cuit make it of great importance to maintain a due balance between 
repeater ampUficatioTi and cable loss. Predetermination of the effects 
of temperature and pressure on cable attenuation assists in maintain¬ 
ing this balance when the cable is at sea-bottom temperature and 
pressure. Fortunately, the sea-bottom temperature is very constant. 
Electrical irregularities which would result from structural imperfec¬ 
tions must also be avoided since they affect the gain-frequency char¬ 
acteristics of the repeaters. 

As is customary J n cable practice, sjiccial cable armoring will be used 
near the sliore ends and the various types are shown in figure 6. Type 
A has an armoring consisting of 12 galvatiixcd mild-steel wires, each 
0.3 inch in diameter, and is laid in water not deeper than 300 fathoms; 
tyi>e AA, used for some landings, is similar but has on extra layer of 
armoring. Type B is laid in moderate depths and has IS mild-steel 
wires, each 0.160 inch in diameter. Type B is laid in all depths greater 
than TOO fathoms. It is armored with 24 high-tensile steel wires, each 
0.GS6 inch in diameter, each wire being taped; these enable it to be laid 
and lifted in the deepest water. 

The ^ructure and dimensions of the conductors and core of the sub¬ 
marine cable used between Clarenville and Sydney Mines will be iden¬ 
tical with those of tlie cable used between Clarenville and Oban. The 
cable will have AA- or B-type armoring. It will, however, be tested to 
a specification appropriate to the higlmr fTc<[ucncieB to be transmitted. 

The land cable will be basically the same as the submarine cable hut, 
being more subject to electrical interforuncei, will bo shielded with lay- 
era of soft iron tape applied over the outer conductor, Tlie tape in 
turn will be protected from corrosion by a polythene sheath over which 
w4ll be applied jute bedding. 

The cable will be laid in a trench at a depth of approximately 30 
inches where the temperature is expected to have an annual variation 
of about Sfi" F. and a maximum daily variation of about 2“ F. Gnuid 
wires, for the protection of the sj-stem against lightning, will bo laid in 
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the trench above the cable. The two repeaters in the land section wilJ 
be identic^ with thoss in the sea and, according to the terrain de¬ 
termined in the final survey, will be laid in ponds, buried in the ground,, 
or located in small manhoteSp 

TANK-TYPE REPEATERS 

The mechanical design of the tank-type repentere which will be used 
in the Clarenville-Sydney Mines section is shown in figure T* The 
electrical equipment is niouiited in an inner sealed cylinder 4 feet 2 
inches long and 7% inches in diameter, fiUcd with diyf nitrogen. This 
is mounted between brazed-in bulkheads in the pi^c^ure-resisting outer 
houamg which is 9 feet long with a maxiuium diameter of 10^^^ inclicSp 
The gasketa or glands arc suitably molded jiolj^hene. The cable- 
armoring wires are fastened under cltinips which transfer the laying 
tension to tl^e housing; the design of these clami^s is adequate to permit 
the laying of the repeaters at ocean depths although, of course, such 
strength will bo unnecessary for cable-laying operations between New¬ 
foundland and Nova Scotia. 

The Ifi repeaters in this section will be located approximately 20 
nautical miles aparL Tliere are two Ho stage Tacuum-tubo amplifier 
units in parallel in the repeater and the circuit is so designed that the 
failure of a vacuum tube or any other faulty component in one ampU- 
fier will not affect seriously the frmctioning of the over-all circuit. 

In this respect the repeatei^ have some margin over the repeaters 
used in the main doep-sea portion of tlie circuit since, because of space 
limitations, the latter have only a single amplifier. To some extent, 
this is offset by the fact that the vacuum tubes employed in the deep- 
sea section are of a design which has been subject to a longer period of 
test and experience. 

The space afforded by the rigid housing not only allows more compli¬ 
cated circuUr 3 \ such as required to achieve two-way oiioration tlirough 
a single amplifier, but it also makes it posa^ible to design some of the 
c.-oinponent3 on more generous lines than can be fitted into the American 
flexible housing. All components are manufacturEd and tested to 
extremely high standards. 

TESTING ARRANGEMENTS 

It is an advantage of a two-way cable that, provided some form of 
frequency translation is po!?sib1e in eadi repeater, signals tranamitled 
from one terminal can be returned fiom the repeaters to the same 
terminal. In this case, tlio frequency translation at the repeater is 
effected by a so called frequency-doubler associateil whJi filters in the 
range of 260 to 2&4 kilocycles. Signals at twice these frequencies are 
returned to the sending terminal and enable an accurate measurement 
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to be made of the tranamission level at the output of each repeater at 
any time. Other more complicated testing equipment provided at each 
terminal will enable measurements to bo made to determine whether 
both aniplififlia are functioning in each repeater. 

In the case of the deep-sea ♦'snake'’-type repeaters which tranamit in 
only one direction, an arrangement ia employed in which eacJr repeater 
of the 61 in ^e one-way circuits lias slightly different electrical char- 
acterktits, determined by a quartz-crystal resonator, in the frequency 
hand above that used for the speech channels. This enables a selective 
measurement to be made from the terminals to determine, in effect, how 
well each of the individual amplifiers is functioning. Arrangements 
are provided to insure continuity of the power circuit even in case of 
the complete failure of the heater circuit in one of the vacuum tubes. 
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TOWER FEED TO REPEATERS 

The arrangements for feeding power to the repeaters on the two sec¬ 
tions are generally similar and involve the use of oanstant-carreat gen¬ 
erators series-aiding, and designed bo tliat both ends control the value 
of the line current. It will be noted from figure 8 that at the terminals 
the power currents are basically separated from the speech currents 
by so-called high-pass and low-pas hlteta. These electrical circuits, 
as the name implies, divide the currents in such a way that tlie direct 
current necessary to feed the vacuum tub® at the repeater points, and 
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tho iugb frequencies of the sjpcech channels find free to theiir 

reapective terminal equipments. 

The repcatcred cable on the ClarenvUl&-Oban section ivill require 
initially a total voltage of about 3,700 volts, increasing with later ycare 
perhaps to about 4,450 volts, or even up to about 4,700 volts if it is 
necessary to introduce additional repeaters after repairs. 

Since these voltages are diiided between the two terminals, the 
avasimum voltage on the cable is only lialf the above figures. For the 
re^seateis on the Clarenville-Sydney Mines section, the necessary total 
driving voltage will be only about S,300 volts and, if necessary, it will 
be possible to feed this from one end only since the coble and other 
circuit elements will withstand tliis voltage. 

There are some differences in the makeup of the constaiit-current 
generators used on tlie tw o sections but these are incident to tlie par¬ 
ticular problems involved and not generically iiniKirtniiL 

E?ei7 effort wiQ be made to insure continuity of the direct-current 
power supply to each cable. In order to assist tills, the alternating 
current supplied to each constant-circuit power-feed unit will be de¬ 
rived via alternating-current—direct-current—altarnating-curreiit 
machines. These machines will normally bo driven from commercial 
power-supply means. In the event of power-supply failure, a storage 
battery continues to drive tlie direct-current machine. If the failure 
is of long duratioa, engines will be started up. 

CABLE-LAYING ABRANCEMENT5 

Al l the cable is being laid hy the cable ship jVonorcA, This ship, 
which was built for the British Post Office in 1945, has a gross tonnage 
of some 8,000 and, with full oil bunkers, can carry between 5,000 and 
6,000 tons of cable.* 

The Monarch is the only ship affoot capable of laying the whole of 
the deep-water part (about l,Ct>0 nautical miles) of each cable between 
Newfoundland and Scotland in one operation. It is obviously desir¬ 
able to avoid any sequence of opertitions which will make it tiecesavry 
to pick up a cable end and make a splice in deep water. Such opera¬ 
tions will have to be carried out if repairs are necessary after the coble 
hafi been laid, but inevitably at some risk of the cablets kinlting. All 
repeaters are joined into the coble before it is loaded into the ship, 

A period of 10 days during which continuously good weatlier condi¬ 
tions may bo anticipated is necessaiy in order to cany out the nmin 
operation without undue hazard to the repeatcred cable. In the North 
Atlantic snch conditions are unlikely e.vcppt during the period mid- 
May to mid-September, and it has not been practical to lay both the 

* The lou trfemd tfl here aud elMwhere Id Ihe paper bip If of 2fi44i 

pamids. 
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cables an the maiii crossing in one sinntner. As noted, one of these 
cables was laid during the suminer of 1055 and the reTerse-direction 
cable will be laid din-ing the eiunmer of 1056* 

The essential parts of oonTentioTial paying-out, or picking-upj ma¬ 
chinery arc shown in figure 0, Although the flexible, built-in repeaters 
ara designed to be handled as part of the cable, it is, of cour^ desir¬ 
able not to bend them to a small radius. New cable drums of approx¬ 
imately T-foot diameter have been fitted on the Monarch, Bow and 
stem cable sheaves have also been made this diameter, Tarious other 
minor structural changes, some based on succe^ful laying 
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West-l-LiToiia cable, huva been mtide in the CHble-lnying nmebinety to 
case the passage of the tepcatet^ from the hold over the sheaFes. New 
dynaniometors foi- measuring and recording tiie cable-lajing fftr esy ea 
have also been provided sod these enable the tension on the cable to be 
closely controlled os it is paid out, 

Tlie laying of tlie cable between Newfoundland and Nova Scotia 
presents no special problems, but an electrically driven hoist has been 
fitted over tba ^ip’s bows to facilitate handling the rigid tank-type 
repeaters. 

CONCLUSION AND SI’EOJLA'nOM 

Barring unforeseen and unexpected dolayo, the latter part of 1956 
should see the completion of the first transatlaiitic telephone connee* 
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tioD by Bubmariiie cable. Witt the completion of this project, tele¬ 
phone senrico between the two contioeiits should enter a new era 
marked by iniproTed quality of service and reUabiUty. Capacity for 
growth will DO longer be restricted by the limited capacity of the radio 
spectrum- 

Certain advantages of the radio will remain, however i flexibility, 
the speed with which communications can be eEtablishcd and switched 
from route to route, direct access to one country from onother, rela¬ 
tively lower cost, etc. These are not inconsiderable advantages and 
they angur for the continued iiu portimoe of shortwave radio-telephone 
serviced. 

On the other hand, the new transatlantic cable will by no means 
represent all that could be done if full advantage could be taken of con- 
toJtiporary techniques. The submarine cable art is a oonsorvativo one. 
As Dr. Buckley observed, the laying of a deep-water submarine cable, 
like any otlier activity on the high seas, must he plan lied with its un¬ 
avoidable hazards in mind, and experienoe over 100 years has ^lowii 
that in such a proj ect it is better to be safe tlian sorry. 

But die consequences of this doctrine of caution are equally plain. 
The submerged repeaters in the 1050 deep-water cable section incor¬ 
porate tubes whose proven design dates back to 1041. On the other 
hand, more recently designed tubes provide superior performance and 
these are the types that will be used In the system between Newfound¬ 
land and Nova Scotia, where the consequences of tube failure will be 
minimized. Tlie integrity of such postwar tubes, under the severe and 
higlily specialized conditions of iDStallation and use, remains to be 
establiBhed. However, witli sudi new types of tubes, it is ceitain 
that cable systems with still greater communication capacity can bo 
realized. 

Looking still farther ahead, the transistor looms as a development 
which has tlio potentialities of making possible long, deep-water sub¬ 
marine cables with much greater communication capacity than can 
bo realized with repeaters employing vacuum tubes. Tha voltage re¬ 
quired by the tubes sets an upper limit on the number of them that con 
bo operated in tandem before the power supply results in voltages 
on the cable tliat are beyond the limits of safety. The much lower 
power drain of tlie transistor would overcome this obstacle and permit 
more repeaters to be used and wider frequency bands to be accommo¬ 
dated. Euggedness, long life, and small size are added attractive 
features of the translator which are of not inconsiderable importance 
to the future development of submarine cobles. 

A transatlantic submarine television coble is a long-rangje ^al 
worthy of serious study and by no moans to be dismissed as improcticol 
of attainment. 
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The csoncept of a transatlaiitic telephone cable, aa noted, owes its 
origin to the inspiration of Dr, Buckley’a early work. He laid the 
firm technical foundation for such a project. Subsequent develop- 
ments which have been described have b«n the work of many engineora 
and phyricists on both sides of the Atlantic; on tlie American side, in 
the Bell Telephone Laboratories, the Western Electric Co., and the 
Simplex Wire and Cable Co*; on the British side, in the Post Office 
Be^earch Laboratories, Standard Telephones and Cables, Linuted, and 
Submarine Cables, Limited. Without this development work, the 
particular project would be impossible. 

In cnrrymg out Uie complete project, individuals poraessed of a 
variety of skills, representing many organizations, have worked in 
close cooperation. In addition to Uie scientists, engineers, and tech¬ 
nicians, the office staffs, lawyers, Unaneial specialists, and administra- 
tom of the British Post Office and other organizations previously 
mentioned and, iu particular, the general departments and long-lines 
department of the ^Vniorican Tclophone and Telegraph Company, have 
played an rniportant part Not to be neglected are the capable staff 
and crew of H. M. T, S. Monctrek 


Genetics in the Service of Man" 


By Bektlet Cuss 
Profesiof of Rioto0^ 

Thm Jofms ifopkim Umv^^nfy 


Human fowtji, which mounted slowly indeed through the eons of 
prehistory and souiewluLt more rapidly after the advent of the sword 
and peUf has gathered tnouientum with logaritlimio sweep since the 
dawn of modern science. Today it eectns to be rocketing into outer 
space with tlie incredible energy of atomic fission. 

I would be tlie bat to Imply that the prineipal value in the pursuit 
of scientidc knowledge b the utilitnrjan one—that society should 
nurture science only because of its fruits. Yet the fruits are of undeni¬ 
able imjKirtance, and before we eatj it migbt be well for us to ace upon 
which aide of the tree of good and evil they are borne. Power, espe¬ 
cially unlimited power, can be more danger thEUi blessing, and what 
foresight and intelligence we do possess ought to be cj^ercised In safe¬ 
guard ing and charmei ing it in to wise use^. Miuikind w oe not [irepored 
to use and control nuclear pow'er. Today we stand on the verge of 
biological discoveries of an equally revolutionary and xwtetitinlly 
devostatiug kind, which It will require all our wisdom to coiittoL It 
is tlicse eventualities which I wlaJi to discuss. 

A century ago, when my grandfather was born, tlte life exjiectMScy 
of the average male Infant w'as 40 yearsL At the turn of the century, 
it was still only 48 yeara^ but by IflSO it has jumpetl to 59 years, and 
today stands at the aniaaiiig average of G9 years. Whatever we may 
think about the wise use made of tliose estm 29 years of life by the 
average American man, surely this achievcmetit of medicine and biob 
ogy bos been spectacular. 

Without recounting here the sevemi steps in the advancement of 
health and longevity, I widi merely to point out that genetics has 
contributed Its share to thia progress. You are certainly aware of the 
tremendous role of penicillin in virtually wiping out many infectious 
diseases. In the eouise of the enormous wartinm effort that went into 
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the attempt to produce penicillin on a large scale, one prions diiSenlty 
mot The highest-yielding strains of the mold PeniciUium would 
grow only on the surface of the culture medium in the groat Tatsj niid 
strains that grew well when submerged were poor penicillin producers 
Applying the methods of iuducing mutations already known to goiuet- 
icists ftt tlie time, Mil is] a v Domerec and his coworkors at the Cold 
Spring Harbor Laboratory of the Carnegie Institution of Washinj^on 
undertook to irmdiate with high doses of X-rays some PenwiUwTnt 
strains that grew woll when eubmergod, and to look for mutations that 
would peraianently affect the yield of penicillim Ajuong 504 sheeted 
products^ one was found that doubled the production of penicillin over 
that in the original strain. Tliis high-yielding strain became the basis 
of tile enormous production of penicillin tliat within the lost 10 years 
has contributed so much to our national healtli- 
Eren more significant than the production of this strain, tiowever 
valuable, was the insight gained in tlie studies by Demerge and others 
into the fluctuating relations between virulent, diseasa-causing bac¬ 
teria and viruses and those ageutB that may be used to combat them. 
It was discovered that tlie infectious agents hfive powers of mutation 
too; and among the mutations tliat can be induced by X-nxjs or by 
chemical compounds, or among those that are abvays arising spon¬ 
taneously in any large population of organiamB, there ore somfl muta¬ 
tions that confer resistance to tlie sulfonamide drugs, to penicillin, to 
streptomycin, in fact, to the killing effecta of radiation iteelf. Learn¬ 
ing this, geneticists at once made dii^e predictions about the conse¬ 
quences of an overenthusiastic use of the wonder drugs and the anti¬ 
biotics. But it seems that tliei r medical col leagues failed to understand 
the danger, while the clamor of those who were ill led to the widespread 
use of such agents even for the common cold. Millions of doses were 
given to soldiers as mere prophyla^cis, in the hope of warding off some 
possible infeotion. ^fhe result, now well known, was a uear-disoster. 
People began to say, ^The miracle drugs don't work any more. Peni¬ 
cillin has lost its punch. Streptomycin is no good/^ What had hap¬ 
pened was exactly what the geneticists had predicted. Mutant strains 
of infectious germs had arisen that were now resistaut to our drugs and 
antibiotics, ]ust like the now albtoo-commou houseflies that seem to 
thrive on DDT^ As a matter of fact, there is in ei^istence at least one 
bacterial strain that actually ri$gu{res a supply of streptomycin in 
order to grow, 

New kinds of nntibiotics had then to be discovered and put into mass 
production. Yet the race was a losing one, for the mutational powers 
of the infectious organisms seem virCunlly imlimited and permit 
change far more rapidly than scientists can ^acover and produce new 
agentSL 
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Here again the geneticist may inteipose a prediction. Ttio aimul' 
taneoiis coincidetica of two mutationa, say to penicillin rcsistimce and 
to streptomycin resistance^ is of an order of probability so low ( about 
lO"**) as to be truly negligible. Start oat with two antibiotics to 
which the infections agents havo never been expcksctlj and use them 
together; and use a high enough initial dose to leave no stirvivote— 
except^ of course, your patient. In this way the antibiotics inuy con¬ 
tinue to serve mankind in the future. But meanwhile, penicillin and 
streptomycin must be giveu a rest 

In lecent decades the sha<Ie of Mallhus has once again risen to 
trouble us. Clearly, if the general life expectancy doubles^ then even 
without any increase in births at aU there are twice as many mouths 
to feed at any one time as there were before. But there are also more 
tlian twice as many adults wdth unnKHlificd (or but slightly mod¬ 
erated) yearning to have children nnd rear families. The world 
population has soared^ in spite of wars and famincSj from one and a 
half billions of people, a century ago, to two and a half billions toilay* 
Fertile land Is almost fully occupied. I low can we fecci anofiier billion 
people, whom we may expect inevitably to arrive before the slowly 
dropping birth mte overtakes the still dcelining death rate? The 
immediate answer, if tJiere lie one, lies in the almost unheralded 
achievements of geneticists in increasing the food supply. 

On Septernber 23, 1054, there died in Princeton, N- pJ., a geneticist 
who never received a Nobel prize or made a forEnne. To most Ameri¬ 
cans George H. Shull remains completely unknown. Yet this man, 
togctlier with a few others who made his theoretical achievement a 
practical possibility, hug brought about a Iwo-thii-tk increase in the 
United States yield-per-acre of the corn emp witJi no fiiithcr mjiiire- 
men t for labor, and has added literally biiliona of dollars to the Income 
of our nation. 

In fact, a true agriculinral revolution, though scarcely recognized, 
Im resulted from the discovery of hybrid com. During the wax years 
1M2-44, in the face of acute shortages of labor and of had weather, 
and at a time when the corn acreage of the United States was still only 
about one-half planted with hybrid com, the increased yield amounted 
to approximately 50 percent—a total of 1,800,000,000 bushels worth 
two billion dollarsn Hybrid com thus in a sense paid for the entire de¬ 
velopment of the atomic bomb. Even more important, it was a large 
factor in preventing tJiis time the aftermath of hunger that followed 
the end of the first World War; for the amount of food we were able 
to ship to the desolated countries of Europe in 1946-47 was more than 
equat^ by the increase in the corn crop attributable to the planting of 
hybrid corn. The hunger and chaos of eastern Europe in 1018 and lOlfl 
furnished communism with the seedbed in which it first ixise to politi- 
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cal domination in Eusdia. The curbing of the spread of cornmuniam in 
western Europe after the more recent World War may in a very consid¬ 
erable measuro ha ve been due to tJie boon of hybrid com^ ns Paul Mon- 
gcisdorf of Harvarrl University has claimed^ 

It is of some interest, therefore^ to see just what Shull did with 

Ills corn plants. He started out with the intention of studjdng the in¬ 
heritance of quantitative characters, such as yield, in order to see 
whether these followed the laws of Mendelian inheritance; and he 
began by inbreeding his lines. He found tlmt this inbre^ing brought 
out a number of hidden, deleterious hereditary clmracteristics, and that 
the inbred strains showed a marked loss of both vigor and productive- 
n^ Eventually he obtained very pure strains of great unifonDity, 
though for the fanner totally wortliless, runty, and wcak^ with small 
ears bearing few seeds, and of course very low in jdelcL When, how¬ 
ever, two of th.QSB inbred Hnes were crossed together, there was a phe¬ 
nomenal improvement In the hybrids. The ears were large and full, 
and the production equaled or bettered that of the best strainfi of the 
time. 

In IPIT Donald F. ftonea, at the Connecticut Agricultural ^Isperi- 
ment Station, invented the so-called ^^double eros,” with quite the op- 
posite effect from tlmt of the usual connotation. By crossing together 
the t^vo hybrids pi'oduced from the single cro^iscs of four different 
inbred lines, a, h, o, and d, iTonea obtained seed that, when planted, con¬ 
siderably eiEcccded In vigor and yield even tlie hybrids of the first 
crosses, of a with b, and of c with r>. Seed pnxlnced by Jones’ method 
is the present-diiy hybrid corn, and later efforts have been devoted 
simply to finding the best inbred lines to combine for a partientar pur¬ 
pose or area, and to producing the hybrid seed in a quantity great 
enough to plant some 60 million acres. 

The rame hybrid corn that is best suitesd for growth in Iowa is not 
adapted to Texas, and ossiiredly not to Mexico. Hence the exte^ision of 
the benefits of hybrid corn to the entire Nation, and then to foreign 
countries, requires a repetition of the process while utilizing native 
strains of maize. This takes time, but requires no essential modiffca- 
tion of theory or method. Already in Ikfesico hybrid corn suited to the 
country has been produced and is revolution king the agriculture of 
that country, and with it the level of well-being and the culture of the 
people, which from pre-Conquest days has been based on maize^ When 
we realize that toduy two thirds of the world’s population are chroni¬ 
cally Tnalnourished, itiid that larger and larger populations are inevi¬ 
table before the world population can be stabillr^d, the importance of 
hybrid com nrul stmDar products of the geneticist’s plant breeding 
becomes fully evident. 

Eventually we may have to subsi&t on great quantities of yeast or 
some microscopic alga Utc CMordIa that can bo raiised by the ton in 
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tinks of solution, but th^e answers to the world's hunger are 

not yet ready* Meanwhile the geneticist must continue to breed 
drought-resistant sorgJmina, new wheat vnrieties that are resistant to 
the latest mutant forms of wheat rust, and more productive fruits, 
Togetahles, and field crops Uke hybrid corn. Even when tho day of 
mass-produced yeast and algae does arrive, the geneticist will have 
had to make an essential oontribution in find i n g palatable, productive^ 
and disease-resistant strains, as the British learned during Woiid War 
II* For after many millions of dollars bad been spent in producing 
a great yeast plant in Trinidad, which was to mu on waste molasses 
and feed cheaply the teeming populations of the Caribbean, it was 
found that the natives didnH like it and wouldn't eat it^ regardless of 
how* uiitrltioue it waa said to be. 

The gunetidat faces such res|K>nsibilities with modest confidence, for 
within the pEist 50 years his knowledge of reproduetivo pi“ocessea and 
hereditary mechanisms, of the nature of genetic changes within popu¬ 
lations, and of evolutionary processes on a still larger scale has so in¬ 
creased as to enable him at will to niter tJie Iiereditary nature of any 
plant or animul in an astonishing variety of directions, lie can even 
create new species—in fact, he has already done so. He can, in short, 
control tlie course of evolution* 

The evolutionary process is conceived today in somewlmt difFerefit 
terms from those of Charles Darwin, altliough his ideas have been 
eupplemenled rather than superseded. In a population that is breed¬ 
ing quite at random with reai^ect to certain alternative characteristics, 
the gene fi*cquencioa underlying tliose characteristics will remain in 
equilibrium, unchanging from generation to generation* In otlier 
words, the hereditary nature of tlie species, tlie makeup of the popu¬ 
lation, will ciiangc only if some factor upsets the equilibrium and 
favors one gene over another. 

Four major factors contribute to evolutionary chongep Only these 
four, and no otliera, can be shown to be effective in altering the fre¬ 
quency of particular genes in populations. The first of these factors 
is mutation, the rare but portnanent change of individual genes or 
chromosomes. This is the process fundameutal to all the others, for 
it provides the variety of hereditary material upon which the other 
factors can act. The f?eeoiid factor is natural selection, which is today 
regarded simply as tho differential reproduction of genetic types 
rather than as that ruthle^ competition embodied in the classic phraoe, 
*^tho survival of the fitto&L’^ The third factor is genetic intermixture, 
brought about by means of the migration and interbreeding of indi¬ 
viduals from populations that have been to some degree isolated in 
tho past and have become genetically differentiated, like tho several 
races of maukind. The fourth factor is chance itself, which in popu¬ 
lations of very small siz^a may result in statistical fluctuations about 
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the expected composition of the poptilation. The^ deyjations maj 
sometimes chaocs to occur in the same direction, like a run of luck^ 
until the hereditaiy composition of the population is quite altered^ 

Human control over the mutation process began in 19*27 and 1928 
when my former teacher H, J. Muller and my later friend and mentor 
L. X Stadler^ working quite indepeiidently, the one vith fruit flies and 
the other with maize md barley, succeeded in demonstrating that ex¬ 
posure to X-rays enormously increases tlte frequency of all kinds of 
mutations. Other kinds of potent radiations, and even ultraviolet 
rays, were found to do the same. During the course of World War II, 
as a byproduct of the scientific study of poison gases, chemical com¬ 
pounds were discovered tlmt likewise enhance tfie frequency of muta¬ 
tion. Dozens of workers are now actively studying tlie oonditions that 
limit or enhance the action of physical and chemical nnitagens. From 
all this exploration there is arising the ability—not yet to direct the 
course of mutation m as to produce just the mutation desired, or even 
a particular typo of mutation, for tliat is stdl impossible—to increase 
tlie over-all frequency of mutation so that once-rare hereditary changes 
become conunom 

Most of the mutations produced are harmful to their carriers, as 
might be expected from a blind interference w'ith the dolicotely bal^ 
anced mechanisms of life. Most mutants have a lower viability and a 
poorer fecundity tlinn the t^'pes tliey are derived from. Yet this is 
not always so. Sometimes a new mutant type may be poorer than the 
original type under the existing conditions of life, but may prove 
itself superior when these are altered. Flies dependent on garbage 
pails do better in the city of Baltimore if they have wings, but on tha 
storm-swept island of Kerguekn in the southern Indian Ocean the 
only flies to be found creep about without wings, or with little stubby 
vestiges of wings. Natural selection, as Dsrvvin pointed out, deter¬ 
mines the differential survival of various hereditary types, and natural 
selection is but a name for the complex combination of conditions 
under which each population lives and reproduces, and which is dif- 
feivnt, at least somewhat different, in every other time and place. 

For a long time now mankind has substituted for the selection of 
nature hh own artificial selection of wluttcver chance mutations ap¬ 
peared in Ids domestic animals and cultivated plants and which seemed 
to him to be desirable. It is thus that all the progress in plant and 
animal breeding has been made^ from tl^e day llie first animal was 
tamed and the first seed planted to the beginning of our own century. 
What geneticists are now enabled to do is merely to speed up this 
process a thousandfold and to control and direct it more effectively. 
Thus, for exEiniple, it w!ls discovered aU>ut five years ago that ctrtfiin 
inbred strains of field corn have ns high a sugar content in the stalk 
as sugarcane itself. The genetics has been worked out, selection has 
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been used to obtain strains with a constant high sugar content in the 
stalk, and now liybrid corn with sweet stalls Is ready to be used^ either 
for the human sweet tooth or as silage for our horses and cattle^ wluch 
need sugar too. A shorter corn plant that would stop growing at le^ 
than 6 feet in height would clearly be invaluable to the seed growers 
of hybrid com, who find some difficulty in detasseling, by hand, com 
plants that grow 12 feet tail. The desired mutation was found, and 
now hybrid com that is just as productive as formerly, but grows to 
only fi 19 available. 

The third evolutionary factor is genetic intennlxture, certain |x>ssi- 
bilities of which have already been indicated in what has been said 
about hybrid com* Intermixture may, however, be extended to wider 
limits^ to encompass cro^ises between different geographic races or even 
different species* Tlie latter have evolved to a point whore the hybiids 
between them are commonly highly sterile—witness the mule. Yet 
just here, by au odd chancOi there eniergea the very mcchaidsm that 
has enabled the geneticist to ci:^ate bis first true new species* For if 
in some way the chromosomes of a sterile hybrid can be doubled, its 
self-fertility is often completely restored, although it remains infertile 
when crones are made with either of tl^e parent species. If, for 
example, one could double the chromosomes of the mule, the latter 
would have two sets of horse chromosomes and two sets of ass chromo 
somes. Hybrid sterility is often due to the inability of tho chromo¬ 
somes of different species to pair with one another during the forma¬ 
tion of the sex cells; but after doubling, one set of horse chromosomes 
could pair with the other and likewise for the ass chromosomes, so 
til at each egg cell or each sjienn cell would possess when mature a full 
set for both kinds. Ho one has yet succeeded in doing this to a mule, 
or in breeding two mules together afterward, but exactly this feat has 
l>cen accomplisherl a number of times in the plant w orld* 

The first and most famous instance was performed by a Russian 
geneticist, G. D. Karpechenko, in 1927* Knqwchenko crossed two 
diffemnt genera, the radish (RfjphanuA) with the cabbage 
and obtained a sterile hybrid. He then succeeded, with some difficulty, 
in getting tlie chromosomea to double, following which he could self- 
pollinate the hybrid and obtain in the next generation a perfectly 
fertile form which he named Raphanobras^cci and which, according 
to the same etymological principle, should in English be called by the 
common name of ^Vabbage*** Since it could be crossed with the orig¬ 
inal radish or cabbage parent species only with ft resultant almost- 
complete breakdown of fertility, Karpechenko rightly regarded this 
fls n new species, the first mnn-made one in history. 

But unfortunately for Knrpccbenko, the new rabbage specieo com¬ 
bined the prickly inedible leaves of the radish with the miserable root 
of a cabbage* Although he rocaived worldwide fame among gftneti- 
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cists for his feat, it was acarcely an ftclueveinent to impress the maikers 
of agricultural 5*ycftr plans. Kaqjechenko was later liquidated. Tlie 
method is nonetheless one of great promise, for in some instances tlio 
valuable characteristics of two species may tlius be combined in a 
single new onei and today, by means of the drug colchicine, it has 
become easy to double tlie chromosomes of a hybrid, just the step where 
Karpechenko met hia greatest dlificulty. 

There is, at any rate, no difficulty in controlling the amount of ge- 
netic intennisture by performing, on the one band, the desired croeses, 
and on the other by isolating and otherwise preventing intennixtu^, 
just as man in the post has controlled the interbreeding between dif¬ 
ferent breeds of dogs or cats. As to the fourth factor, this too is under 
human control because it depends particularly on the size of popula¬ 
tion, which may be readily regal atod. 

At this point one might feel like singing, with Swinburne, “Glory 
to Jfun in the highest, for Man is the ifnster of things.” But one had 
better be wary. Problems aplenty remain ]Hst as soon as one begins 
to consider the application of this newfound genetic power to man 
himself. 

Eugenics, the term Francis Galton applied to this endeavor, was 
envisioned by him as the safeguarding and improvement of our human 
heritage. The late Professor W. E. KeUicott of Baltimore defined it 
as “the social direction of human evolution.” This seems to be a very 
good definition, for it focuses attention on the process as well as the 
power to control it, on the choice of goals as well os the ultimate 
chooser. The basis of effective eugenics must include not only an un¬ 
derstanding of evolutionary procossee and the power to control them; 
it must include also a far wider knowledge of human genetics than now 
existe, and the ultimate consideration by society of many questions of 
human values. 

The idea of the social direction of human evolution is not new. 
Ufany people have practiced infanticide in order to rid their society 
of abnormal or defective individuals. The ancient Spartans not only 
did this, but also, in order to maintain ascendancy over the helots, they 
practiced most of the eugenic measures advocated in recent times. 
Their emigration was restricted, and marriage within their owm order 
was eacountged. Specml taxes were levied on celibates, and the pro¬ 
duction of offspring wag rewarded by the state. A severe regimen was 
maintained to promote fitness and to eliminate tlie weak or deformed. 
Also, periodically, the helots were massacred, so as to keep that sup¬ 
posedly inferior clement of die population down. Plato’s proposals 
for a eugenic eociety are likewise famous. 

There are many misconceptions about heredity. For example, in the 
strict sense, there are no hereditary characterutks at all. The ferti- 
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li^sod egg from ’wliicli eitcli of iis starts out in life must develop those 
charscterlstics cominon to all members of its species, race, and family, 
besides those peculiar to itself* One inherits only what is in the ferti* 
liaed egg: that is, in the phyacal sense, only the chromosomes and the 
genes they contain; in tiie developmental sense, only the potentialities 
and capacities inherent in Uiosc genes. Those potentialities can be 
realisced only witliin tlie iimitutionfiof the enidronment. 

Heredity is biparental; for each gene inherited from one’s mother, 
a corresponding gene is inherited from one’s father* Tliesa corre* 
spending genes are not always identical, because mutations give rise 
to varieties of the same gene within the population. Should the two 
genes of ft pair hapiien to be dillerent {a condition called *‘hBtero^- 
gous”), dion one gene, known ae the dominant, commonly determine 
tlio specific U'ait conoomed; and tlie other gene, the recessive, is 
masked, although it will still he transmitted to succeeding generationB 
witJiout alteration. Thus a person who has a pair of genes, one for 
brown hair and tlifl other for i-ed, will have brown hair, and die 
)>resance of the gene for rwi hair may bo quite unsuspected. One can 
have red hair only by inheriting two genes for rod hair, one from each 
parent; one would then he “homozygous.’’ A good many of each 
person’s genes are probably recessive, and most of tliese will be 
heterozygous (Uid as a consequence unobservable. 

The signiBcatico of tliis for eugenics is unmistakable: a considerable 
proportion of tlie genes in any person, and therefore in die entire popu¬ 
lation, is hidden, and bo that extent tlie measuics of eugenics must be 
applied blindly. 

Many characteristics are determined or alTected by n:Loro than one 
pair of genes—intelligence, for esample. In such a case it is a partic- 
uhir combination of doniiuunt genes, perilaiis together with some 
homozygous recessive genes, that determines the nature of the char¬ 
acter. These oombinatioiis arc very rarely inherited m (oto, the reason 
being that no one inJierits all his parents’ jgenes, but only half of the 
genes of each. Pure chance detenuincs vvliich gene of the two nioking 
up each pair in the father and die niothor will he transmitttxl to die 
child. Hence, the more genes there are in a given combination, the 
lower the chimce that that combination will be transinitted intact. 
Nearly all combinations are broken up as the germ cells mature, and 
new combi nations of a biparciital origin are formed. Inasmuch as 
most of the human characteristics which are of social significance de¬ 
pend upon multiple genes, the combinations of wlvicb cannot be pre¬ 
served, whether good or bad, die innwrtance of this rcassorLment and 
recombination of genes in heredity to due success of eugenic can 
scarcely bo overemphasized. Moreover, a jjarticular gene which in 
most combinations has an adverse effect may, in just the right combina- 
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tion, produce a dedrable effect; and conversely, a particular gene timt 
in most combinations has a favorable effect may get into a bad com¬ 
bination. The genet iciat can scarcely appraise the absolute, over-all 
effect of a gpne; it mu3St be indged by tlie company it k€fepa 
Galton was the first petson to try to a^eas the relative pow'cr of 
heredity and environment in determining a personas eharacteriaticSv 
From Ids studies of the familial occurrence of genius and special 
talents, and from comparisons of one-egg and two-egg tw itis, he was 
convinced that ^^tlie power of nature was far stronger than the power of 
nurture, when the nurtures of the persons being compared were not C3C’ 
oeedingly different,” There is no reason to alter this Judgment today, 
although one may amplify iL Thus, in general, physical traits are 
most rigorously determined by heredity, mental traits are more modi¬ 
fiable by environment^ and social traits and personality, although still 
clearly affected by heredity, are most, readily suppres^, diminished, 
or enhanced by past experience and present environment. A similar 
hereditary nature, os seen in "identical” twins, generally leads through 
similar development to similar characteristics, provided the individu¬ 
als are not subjected to radical differences in their environment* 

It is clearly necessary to clarify the meaning of that term ^‘^radical'^ 
in the present context. A pair of blond one-egg twins may bo tempo¬ 
rarily separated, one kept indoors, the otlier sent for a vacation at a 
beach. Id a few weeks one in sunburned and very much darker than 
his twin. This does not mean that environment determ ines com plexion 
and that heredity has nothing to do witli it. It means that for blonds 
the amount of suniight can constitute a “radical” difference of environ¬ 
ment. Yet not all characteristics are affected by this particular ^htidi- 
cal” difference of enYiroument. It requires careful observation to 
determino whether a specitie difference in environment can affect a 
characteristic or not, and it must be determined separately for each 
characteristic* The effects of environment are ineirtricahly interwoven 
with the effects of the genes in the formation of a person’s chanicter- 

Only by mutation do new sorts of genes come into existence, and 
without it there could be no long-«)ntmued process of evolutionary 
change, eugenic or otherwise. Tbe mutation rates for several human 
genes have been ^imated. Their average is about 1 in 50,000 per gen- 
eration; tltat is, to take a specific example, in a population of 50,000 
persons 1 person has a gene for iiemophilia which was not inherited 
from eitlier parent, but instead arose by mutation from a correspond¬ 
ing gene for norma! blood clotting. Henco, unless one could somehow 
prevent mutation to it from occurring, no measures can be successful 
in eradicating an undesirable gene from the population. At best, its 
frequency can be reduced to the level of the rate of mutation to it 
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Hemophilift cannot U eliminjited; its lowest limit is set by mutation 
at a gene frequency of 1 in &0,000. 

For eugenics, the induction of mutatiotis by X-rays or diemicals is 
too potent ft tool, since the vast majority of all mutations produce 
harmful consequences. Hardly 1 in &00 or a thousand improve its 
poss^sor's fitness in the local envuoiwueiiti A.ltliougb most mutations 
are recessive, and consequently do not show up for many generations, 
until in the course of time they become bomoBygous, nevertheless it is 
clearly undesirable to fill the hiuniin germplasm with an overload of 
harmful genes. It is likely, according to several methods of estima¬ 
tion, that even now everyone poese^es at least one lethal gene that In a 
double dose would destroy us. Other detrimental genes are probably 
about three times as numerous as tlie lethal genes. These genes per¬ 
sist in the population because they are hidden, each kind being pre¬ 
vented from becoming more common because of natural selection. In 
the elimination of detrimental genes by natural selection a lot of 
sirable genes are also lost each t ime, for selection can act only on indi¬ 
viduals; that is to say, on entire combinations of genesu It cannot pick 
out the solitary gene that is chief offender. The roasaortment and re¬ 
combination of genes that is the chief outcome of semial reproduction 
represent salvation here, since they render it uidikely that the same 
unoffending genes will be lost each time a particular kind of detri¬ 
mental gene is eliminated. 

The rapidity with which the frequency of a harmful gens can be 
reduced by selection depends upon the percentage of carriers who man¬ 
ifest the effects of that gent A full dominant, for example, with a 
fitness of only half normal, would in £0 generations, or about 550 years, 
be reduced to one-millionth of its original frequency. It would almost 
certainly before that time reach the level where it would be mamtamed 
by flesh mutation. Consequently, any particular harmful dominant 
trait is already, because of natural selection, very rare. It is of no 
eugenic consequence to try to deal with them. Only spraial circum¬ 
stances, like the failure to mnnifest themselves until late in life, bring 
a few dominant traits, such as Huntington’s chorea, a very unfortunate 
nervous affliction that is a form of St. Vitus* Denoe, within the scope 
of eugenic measures. 

On tlie other hand, a recessive with a fitness of one-half normal 
would in 20 generations be reduced by only 40 percent. What is more, 
the amount of reduction declines in each successive geueration, as the 
proportion of hetercBiygous, concealed genes becomes larger and larger. 
The frequency of a commctn recessive gene, Ilka those for blue eyes or 
red hair, might therefore bo reduced by special measures very quickly; 
hut the reduction in frequency of a gene tlmt is already rare is almost 
imiierceptible. Since natural selection has already b«n at work for 
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ftges past, no gene Tery detrimental to Tiability or ferlilify can haTB 
become common. Each sort of liarmfu! gene is alreiidy rare in fre¬ 
quency and is maintained in equilibrium between mutation and selec¬ 
tion- Tbe combinations of genes which dctemiine complex traits such 
as intelligence are even more slowly affected by selection* 

Chance changes in gene frequencies are not of as great eugenic 
significance in modem times as formerly, for they occur significantly 
only in small popnlations, such as tbe bunting groups of prehistoric 
man or tbe iaolatod mral communiti^ of medieval times. In a study 
my colleagues Milton Sacks, Elsa Jahn, and Charles Hess and I re¬ 
cently made of a Dunker community in Franklin County, Pa., we 
found clear evidence that the genetic composition of such a group can 
deviate radically and wdthin a span of three generations frtun its orig¬ 
inal makeup aa well as from that of the anrtonnding population* In 
such communities even Imnnful genes might become establisbed by 
chance; or even a benefici al gene might be el imlnated- Furthermore, in 
a small population there is of necessity a closer degree of relationship 
between those who marry* This inbrcoding docs not of itself change 
gene frequencies, but it brings the recessive genes out into the open 
and allows selection to be exercised upon them. If a line is free of 
harmful recessive genes, this inbreeding will do no harm. (Cleopatra 
herself came of a number of generations of brother-and-sister mar¬ 
riages.) But I have already pointed out that most indivitliials do 
cany harmful genes. Hence the effect of inbreeding ie in general to 
increase the number of alllicted persons in the population. Actually, 
einco medieval times, the trend lias been in quite the opposite direction^ 
Tills brings iis to genetic intermixture* 

Obviously the trend of the modem world ia away from the isolating 
effects of religion, race, and geogniphy, even though not so obviously 
from those of polities Little populations have been merging to make 
large ones, and migititions of tremendous magnitude have produced 
human melting pots the world around. Tide h^^ had the effect of 
making a greater proportion of the recessive genes disappear from 
view- and from exposure to selection. They can now inorease under 
cover to a much higher frequency, until ^cU time as by nmcloni mating 
homozygous pcxwns are produced and selection again becomes active 
upon these genea* Tlie action of the melting pot and the sJoirness of 
assimilation are clearly evident in a study of the present-day American 
Negro made by C. C. Li and myself. On the basis of the freejucncies 
of certain blood groups and other genetic traits in the West African 
Negroes, the North jVmerican Negroejj, and the Nortli American 
whites, it was possible to conclude tliat the gent^a of the American 
Negro arc now just over 30 percent derived from the white population, 
and that at the average rate of past gene floiv from the white into the 
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population, it will take approsin^toly 2^000 years before assim¬ 
ilation becomes complete. Of course, the prooea will undoubtedly 
accelerate as the two populations become less distinguisbftblc, and ge 
gene flow from the Negro into the white population, till now negligible 
in amount, wiU some day become appreciable. Meanwhile, it is im¬ 
portant to realize what a diEastroiis increase in tlie proportion of 
hereditarily afflicted persons would result if our present populations 
were for any reason—say, as the aftermath of another world war— 

to be broken up again into small units. , ■ j i. 

By surrounding himself with a social environment, mankind has 
unwittingly modified the rigor of natural selection »n many way^ 
The price we must pay, m the end, for the mercies of m^ical care and 
surgical aid is the dys^nic increase in the frequencies of ce^in detn- 
mental genes whose effects we have learned to ameliorate, rhousands 
upon thousands of diabetics who in a former day would Iiave died 
early in life are now saved by insulin to live relatively normal lives, 
and, of course, to pass on the gene responsible for their dis^tffi to 
their descendants. Myopia is no longer a grave handicap m hie; 
hearing aids alleviate certain types of deafness. Probably no one 
would have it otherwifie. Yet to contemplate a future population 
composed largely of persons who must wear ^tli glasses and hearing 
aids, and must start the day by inserting their false teeth and taking 
first an insulin injection in one arm and then allergy diots m the other, 
is none too pleasant. To say the least, medical science is steadily 
iQcrBRsing tlie load it must carrj- 

Another instance of the unconscious direction of human evolution 
lies in the differential reproduction of economic and cultural f^ups. 
The differential reproduction of the several races may bo pr^ over, 
since there is no valid evidence that any known hereditary differences 
between races alter viability or fertility, or affect any eugenic d^idere- 
turn, such as intelligence. But there is little doubt that thore is »me 
positive correlation between intelUgenco and economic ^d culturel 
1^1, in such countries as the United States and Great Bntem. In 
these countries the reproductive rate varies inversely with income. 
TJieoreticaUv, this slionld result in a decrease of those genes contribu^ 
iug to high intelligence, although the decrease may ^ slow. Y^t the 
only extimsive study on the subject, that of the 1. Q.s of virtually all 
Scottish school children over a l5-year period, im and again in 1047, 

has revealed no decli tie whatsoever. _ 

The various measures of positive and negative eugenics may now ^ 
considered. The former comprise four methods, all m use m certain 

States or countries. , „j fc 

The meUiod most widely used is that of segregating males at^d to- 
males in separate institutions, sneh as prisons, mental hospitals, or 
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“liomea,” This type of mejisure is quite effective tn preventing the 
propagation of tiie uimates. However, most social institutions of 
these kiDds are today regarded as having a curative function rather 
tloan one of permanent incarceration or care, and eventually a large 
proportion of the iiunates are released and are again at liberty to 
reproduce. To take care of the feebleminded alone in such institutions 
would require an Guomious increase in the number of institutions and 
the amount of care beyond what is at present available, since it is 
estimated that 1 to 3 percent of the entire population, or some 5 million 
persons, in the United States, are feebleminded. 

A second method is that of steriliiation. This is also highly effective 
for the purpose. The surgical methods now used consist of ligating or 
cutting the seiual ducts, a method wliich pTevcnts reproduction with* 
out interfering with tlie hormonal secretions of the ovaries or testes 
and thereby causing changes in the seaual characteristics and emotions, 
as castratioii does. In the United States, 27 States have laws for the 
sterilization of the hopelessly insane or the feebleminded, but applica¬ 
tion varies greatly. The total of sterilized persons now amounts to 
more than 60,000, of whom about half were insane and half feeble* 
minded. By the most rigorous program of sterilization and segrega¬ 
tion, mental defect and disease could be reduced perhaps 15 percent; 
that is, from 2 percent of the population to 1.7 percent. This may well 
be worth doing, but it is certainly far from elimination, which is ap¬ 
parently the expectation of many uninformed eugen^ts. 

A third method consists of the uni vertial encouragement of birth con* 
trol by proiTding free birth-control cUnics and supplies. Since birth 
control at present obtains largely in the higher social and economic 
groups, the extension of birth control to all classes of the population 
would, it is argued, tend to restore the balance between the differential 
reproductive rates of the more intelligent and the less intelligent. 
Probably to some extent this is true, and in Sweden, where this measure 
lias been carried out, it swms indeed to have brought tJie reproductive 
rates of all economic classes of the population into line. However, even 
to nso tlie present methods of birth control requires considerable Intelli' 
gence, so that only too probably this measure will lower the reproduc¬ 
tive rate of the intelligent jiersons of qU economic and social classes, 
but will affect that of the morons and feebleminded much less. Note 
also that most methods of birth control are vigorously condemned by 
certain religious groups, although in India the objections api>ear to be 
weakening. 

The final negative measure is one which does not actually change 
gene frequency but only diminishes the proportion of individuals who 
manifest certain traits. This measure ie the prohibition of consanguin¬ 
eous and assortative marriages. In nearly all societies, taboos or legal 
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I’estrictions haT© long esi^d agoinat the closest degrees of in-niar- 
riage. Perhaps tliese grew up beeatise it was comnioiilj observed that 
such nmrriagea often yielded abnonnnl or defective cluldren* At any 
rate, the only practicable extension of this method Tvould bo to pro¬ 
hibit marriages of first cousina, wherever now allowed. This would 
^Ltop only about 56 percent of all consanguineous mating, according to 
J. B. S* Haldane, and in Baltimore, according to my own data from the 
Baltimore Eli Laboratory, would prohibit only 5 marriages in 10,000. 
By prohibiting assortative mating between defectives, tlie frequency 
of such defects as are recessive might more readily be reduced. Thus, 
assortative mating is strongest among the deaf, and at least two kinds 
of deafness are inherited its simple recessives. A ban on marriage 
tw&efi deaf persons would considerably reduce hereditary deafness in 
the population. Against this social advantage would have to be 
weighed the counter ad vantage of permitting a happy social adjust¬ 
ment among the married deaf. 

Positive eugenic measures ra i ght be of two types. The more extreme 
13 the extensive use of carefully selected sires by artificial insemination, 
as in nnimal breeding. It is already possible not only to transport ee- 
lected semen from one continent to another by air, and to inseminate 
large numbers of females with It, but also to quick-freeze semen, hold 
it indefinitely at low temperatures, and thaw it out without depriving 
it of fertilizing power. The use that thus might be made of the semen 
of a select male is not only worldwide but might conceivably extend 
over several centuries of time. 

Apart from whatever social repugnance such a method would en¬ 
counter, it involves a biological outcome that invites disaster. The 
gene-sharing it promotes in the breed leads to unifomitty. In animal 
breeding this may bo obviated by developing a number of itidividually 
uni form, but distinct, breeds. For manidnd, it is at least arguable that 
general genetic diversity is better than unifontiiij. In particular, be¬ 
cause of the high frequency of lethal and other harmful recessive genes 
m the population, there is a grave danger that any widely used si^ 
might spread a detrimental gene throughout the population before it 
was detected. This has actually happened in cattle breediitg. 

The other way to promote a higher reproductive rate of the bearei^ 
of desirable genes is to offer inducerticnts and rewards for parenthood, 
and to remove im])ediments to it. Such measures already have l^n 
tried by many countries concerned about their decline in population, 
rather than for any eugenic reasom Obvioualy, the low reproductive 
rate of the more mtelligeiit people is mainly a result of choice. Tw 
clearly they see that each added child is an economic burden that di¬ 
minishea the standard of living of the entire family and the oppor¬ 
tunities open to the other cMldren. As H* J. Muller once ^id: It is 
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undeniable that the proiit system little place for children. In 

geiierah they are not profitable investments: their cost is exoe^ive, the 
dividends from them are uncertain, they are likely to depreciate in 
value, are practically nou-tnmafciiablo, and they do not mature soon 
enough^’* 

Wimt should be done * Direct subsidies to parents have not worked 
very well in those countries that have tried them. Taxation more 
steeply graduated in inverse ratio to family size, and the multiplicity 
of social services rendered directly to children, or to expectant or 
nursing mothers, seem to provide one answer. 

Eugenics, although based on tlie science of genetics, is not itself a 
science, for it must above all concern itself with social values, with the 
question, Whither mankind I Perhaps general agreement could be 
reached that freedom from gross physical or mental defects, sound 
heultli, high intelligence, general adaptability, integrity of chnxactcr, 
and nobility of spirit are the major goals toward which eugenics siiould 
aim; perhaps, too, that diversity of nature is better than uniformity 
of typo. Hut how far ought selective reproduction to interfere with 
human freedom ! Genetically, iia in other rcspocts, “there ia so mnt^ 
bad in the best of us and so much good in tlie worst of us’^ that it is 
hard to assess the woiiJi of the manifest hereditary characteristics of 
a person; and the numerous liidden genes make it quite impossible. 

Nor can anyone determine to what extent a person’s manifest char¬ 
acteristics are the pi-oduct of environment, particularly os to those 
qualities that are eugemes’ major concern—sound health, high Intel li- 
geuce, and the like. The Jukes and Kallikaks were horrible examples 
of degenerate humanity, but what might they have been in a better 
world? Was their alcoholism, their crime, their vice an inescapable 
product of their genes? It seems very doubtful. Only the experiment 
of putting tliem from earliest infancy into on optimum environment 
could possibly yield an answer. 

It will be easier to define the esseniials of an optimum environment— 
not forgetting that it need not be alike for everyone—than to modify 
gene frequencies by wioe selection. Once mankind has produced an 
approximation O'! that optimum environment, the eugenic task will be 
simpler. In fact, tlie natural selection exerted by sucli an environment 
may make other eugenics quite unnecessary. 

The moral is very plain. Today man, in the shape of the geneticist 
as well as in the shape of the physicist, possesses more power than wis¬ 
dom. He could, as I liave said elsewhere, “crystallize human society 
into a diangeless rigidity dominated by reason armed with infiiiito 
scientific knowledge.” lie might even breed “a ruling caste of a rela¬ 
tively few individuals, evolving higlier and higher levels of intelli¬ 
gence, and a helot or robot caste of workers, chained by their instincts 
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and minimal intelligCDca to the perfotmanoe of simple, mechamcal 
tasks ” But can the geneticist breed wisdom, or integrity, or even 
simple hiinmnityf As a former instructor in this university once 
wrote, in an mimitable essay on the same subject, ^*11 we are to make 
a better world, we must breed people like Palamedes; tlte danger is that 
we shall breed people like Odysseus instead.^ 
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Man-Apes 
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Heuilt Dtparimenl iff Anatomy 
Mtdical School, VnivrrMity of the Witwalertrond 
JohanncsbitFg^ Sou^A Africa 


DARWINS AFMCAN BYPOTHESIS 

Eiairrr-FTVX years sgo, in “^The Descent of Manj^ Danrin (1871^ 
pp. 240-242) tioled that in each great region of the world the living 
mammals are closely related to the extinct species of the same region. 
As the chimpanzee and gorilla am man’s nearest living mammalian 
relatives, he announced hia belief tl^at our early progemtore lived on 
the African Continent 

At that time one fossil ape, called Dryopithecm and believed to be 
akin to the living gibbon, known from the Miocene epoch (ID 
to 35 million yeat^ ago) in Europe. A veiy early homan skull with 
a thick vault, jutting upper jaw, and large bony ridges over tlie eyes 
bad also been blasted out of a cave at Gibraltar In 1848. As this 
event had occurred H years before the theory of evolution was put 
forward by Darwin in ‘‘The Origin of Species,’^ nobody had taken 
any serious notice of this skull except Lieutenant Flint; be s^ved the 
specimen and entered it in the catalog of the Gibraltar Scientific 
Society. Twelve years later events had occurred that caused Dr. Busk 
to take it to England, when he found it lying neglected in Gibraltar. 

Evert whan a second fossil human skull of die same type, called 
the Neanderthal skull, w^as discovered in 1357 in a limestone cave near 
Diiaseldorf, the great German pathologist Virchow declared that it 
was merely the cranium of an idJoL Today the proofs of evolution 
are known to all educated people; and many exnmples of this some 
fundamental Neanderthal type of fossil mankind or its near relations 
are known from Belgium, France, Spain, Italy, Russia, Palestine, 
Iran, Java, Tanganyika, Ithodesia;, and Cape Town. Collectively 
they typify the neanderthal ine phase of human evolution. 


317 




318 A^XITAU HEPORT SMITHSONIAN INSTITUTION, 1966 

Darwin was not distressed bj the apparent gap between living 
and mankind caused by the contemporary lack of iUustrativo fo^Ia. 
Ho knew that the peraistcnce of the (inthropoid apes themselves into 
modem times was accidental; he realljied it would only bo a matter 
of time before they and all the great game, and oven the riw^ of man¬ 
kind, which could not adapt themselves to hi^an civilization, would 
be exterminated. Once man had succeeded in his aelf-impos^ task 
of obliterating from the eartli all animals not serviceable to him, the 
break, the gap between man and his nearest mammalian relatives, 
would be much greater still. However broad the gap was or might 
become, its width could not affect the geological and biological fact 
of man’s having passed tlirough an apelike phase in order to become 
man! Man’s ruthless destruction of living things could only serve to 
demonstrate more vividly hb essentioDy brutal nature 
Wor was Darwin perturlied by the absence of anthropoid and hu^i 
fossil remains connecting man with his apelike progenitors, hirst, 
as he said, the discsoverj of fossils was a very slow and utterly fortui¬ 
tous process; and second, the le^ons of the earth he thought moat 
likely to contain remains Imking man with extinct apelike creatures 
liad not then even been searched. Livingstone had discovered the 
Victoria Falls only four years before “The Origin of Species?* was 
published 1 Wot until 1870, the year before “The Descent of Man” 
fiiBt appeared, did Schweinfurth succeed in reaching the area between 
the Nile and the Congo wuterslieds and in finding tJiat tlio central 
African Pygmies really existed. So Darwin and hb contemporaries 
ware ignorant of many of the facts that have assisted since hb time 
in vin^cating his belief and confirming hb optimism. 

Darwin and hb scientific supporters were not perturbed about thb 
apparent gap between ape and man, but anthropologists have 
struggled ever since to fill it in with fosilB. Some enthusiasts have 
even succeeded, at least temporarily, in thrusting a forgery like Pilt- 
down man, the notorious Eoanthropas, into the gap. Otheis, like 
Eugene Dubois, have deliberately set out for the tropical regions 
where the great apes live to search for an early ancestor of mankiod, 
a “mbsing link” such as Darwin’s theory postulated. Dubob found 
an ancestral type near the homeland of the orang-utan in Java in 
189(WH, i. 0 ,, Pith€<»ntkropu», the Java ape-man. With equivalent 
dedication Von Koeiiigswald also went to Java in 1027 and survived 
imprisonment there during tlie second World War. He found two 
different varieties of PUhecanthrojma in Java! Davidson Black, 
almost simultaneously, was recovering tlie closely related Sinanthro¬ 
pus type from Choukoutien, not far from Pekin in China. In tliis 
manner an earlier or pitheconthropine phase of human evolution pre¬ 
ceding the neanderthaline phase was demonstrated to have Wn passed 
through by man. 
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These important Asiatic discoveries of vei^ early man had been 
made possible by tlie great expedition of the American Musemn of 
Natural History into Jlongolia and the Gobi D^ert and by Eockefeller 
Foundation funds. The public interest they aroused, along with 
Darwin’s ideas (that when man firat lost his Imiry covering he prob¬ 
ably inhabited a hot country and subsisted on a frugivoroiss diet) and 
tlte finding of fossil ape teeth in the Siwalik hills of Itidi^ had the 
ofTect of consolidating the general expectation that any important 
biitnan ancestors could come only from the tropical or more northern 
regions of Asia. Tliey could not conceivably come from the other end 
of the Old World, southern Africa, a temperate region on the fringe of 
the Kalahari Desert, where there were no tropical forests and no lus¬ 
cious grovea of fruit-laden trees for man’s supposedly frugi voroua ape¬ 
like progemtora to eat, 

Timoa have cliangcd in Africa in the 80 ycara since Darwin wrote. 
People nowadays rush across the continent from north to south and 
from east to we^ in airplane^ trucks, and cars, or on motorcycles and 
scooters. Every serious tropical scourge has been vancjulshed- Stag¬ 
gered by the stupendous nnncral wealtli and agricultural imtentiality 
of central Africa, some, like Felice Bellotti (1D54, p. 31), claim that 
“the Congo is the America of tomorrow.” Certainly Americans are, 
and have good reason to lie, deeply interested in central Africa. Amer¬ 
ica’s Negro ^xipulation came mainly from central Africa; it was an 
American medical missionary. Dr. Thomas N. Savage, who shipped the 
first gorilla from the Congo to Boston and enabled an American anato- 
injst, Dr. Jeffries Wynmn, of Harvard UniTBisity, to identify the 
gorilla as a separato race of manlike apis for the first time in It 

was also an American, Carl Akeley, who was instiumental in the fur¬ 
ther study of the great apes and in insuring their periietual protection 
in the Parc National Albert between Labe Kivu and Lake Edward, 
Eecently, too, it has besen chiefly American aid from the Wenner-Gren 
and Wilkie Foundations tliat has been enabling us in South Africa to 
bring to light the australopithecine fossils Tliey have fulfilled Dar¬ 
win’s prophecy by connecting man with his apelike progenitors, and 
liave thus closed the gup between hving apes and mankind to such an 
extent that it is no longer apparent, 

FACTS FROM SOUTH AFRICA 

This South Afric^in “missing link”story goes back to 1924 when the 
late Miss Josephine Salmons, then a young science student in anatomy, 
brought Iii6 a fossil babooti skull tJiflt sb© lifld foiiuci on th© ninntfil 
piece of E, A. Izod, a friend slie had visited the previous Sunday 
evening. It had come from the Northern Lime Company 9 worlra at 
Buxton, near Taungs in Bechuanaland, of which Mr, Iiod was a direc- 
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tor, And was tlie first intimation that any fossil primate had been found 
in Africa south of Egypt. So we became very excited, and after inter¬ 
viewing the professor of geology, T)r, R. B. Young, learned to our satis¬ 
faction that lie was going to Thoming nearby the foUon-ing week. 

Arrived at Buxton, Professor Young learned that in the previous 
week a miner, M, de Bniyn, had brought in a number of fossil-laden 
rocks blasted out the previous week. IVhen they came to Johannes- 
burg, I found the virtually complete cast of the interior of a skull 
among them. This brain cast was as big as that of a large gorilla; and 
fortunately it fitted at tlie front end onto another rock, from which in 
due course there emerged the complete facial skeleton of an infant 
only about 5 or 6 years old, which looked amazingly human. It was 
the first time that anyone liad been privileged to see the complete face 
and to reconstruct accurately tlie entire head of one of man's extinct 
apoliko relatives (see plates 2 and 3). The bruin was so large and the 
face was so human tliat I was confident that hei-e indeed was one of 
our early progenitora that had lived on the African Continent; and 
it had chosen tlie southern part of Africa for its homelund I called it 
Avatralopit/bSCfiS africavWy ). e., the South African ape. 

Today, largely through the labors of the late Br. Robert Broom and 
J, T. Robinson, tlie lemains of about a hundred different infantile, 
adolescent, adult, middle-aged, and senescent specimens of these aus- 
tralopithecine progenitors of mankind are known from Taungs, 80 
miles north of Kimberley; from three different sites in the Sterkfon- 
tein Valley, about 30 miles from Johannesburg; and from Makapans- 
gat, somewhat less than 200 miles to the north in the central Transvaal. 
In some respects australopithecinc anatomy is better known tlian that 
of living apes or even tlie living races of mankind. After the passing 
of n generation of scepticism and of repeated discoveries and debates, 
the Austmlopithecinae are generally accepted today for what they 
were originally claimed to be—a group or family of advancing crea¬ 
tures midway between ape and mankind. Tlieir brains were about the 
size of, and in some cases even a little larger than, those of the largest 
of large gorillas, but thmr posture and body carriage were not apelike ; 
they were erect like living human races, such as the African Pyginiee 
end Bushmen. Tlie South African man-apes varied in stature and 
body ai™ from types os small ea, or even smaller than, the little Pyg¬ 
mies of central Africa, to types aa massively constructed oa the big¬ 
gest and bulkiest Negroes. There is good reason for believing that 
some fossilized pieces of teeth and jaws, found os far north aa Kenya 
and as far east as Java, and generally called Meganthropust are also 
the remains of genuine Australopithecinae I Unfortunately wo do not 
know what the brains, stature, and posture of these wide-ranging 
Meganthropus members of tlie AmtTiilo^th«cua group were like; but 
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these northern and far-eastern discoveries indicate thnt^ even at the 
earliest or australopiUiecine stage, protohomanity, like Cain, was a 
willful wanderer over the face of tlic earth. 

Thus the apparent gap betweMi living apes and living sapient men 
Itas been completely bridged by overlapping anstralopiUiecine, pithe- 
canthropine, and neandertlialino phases of human development 
Nothing illustrates this overlap better than brain volume. Although 
living men generally have fairly large brains, they vary in volume 
from TDO oc. to 2;350 cc. In other words, a person can still be called a 
sapient man even when his brain is only one-third tlie aise of his fel¬ 
lows. The living apes’ brains, however, vary in volume to a relatively 
far greater degree: from ST cc. to 685 cc. So the gibbon can still be 
called an anthropoid ape even when his brain is only one-eighth the 
size of a gorilla’s. Indeed, the gap in brain volume between tlie small¬ 
est brained gibbons and the largest brained gorillas is nearly 600 cc., 
while the gap between the biggest gorilla’s brain and the smallest 
known linpient man’s brain is only 105 cc, Tlie gorilla should diere- 
fore be more insulted to have his brain compared with that of a gibbon 
than we sliould be to have tlie human brain compared with that of a 
gorilla. The auatralopithecine skull capacity varies, according to 
Broom and Robiniion, fi-om400 oc. to 1,000cc,; the pithecanthropine- 
mnanthropine skull capacity, according to Weidenreich and Keitli, 
varies from 750 cc. to 1,250 oc,; and the neanderthnline skull capacity, 
according to various authors, from 1^50 oc. to 1,600 cc. Therefore, 
the range of skull capacity in living man overlaps not only tliat of the 
exdnct neanderthaline and pithecantliropine races of man but even 
that of some members of the australopitliccina moo. 

We know that PilheaanthTopttii was a primitive man, although his 
brain volume in some cases was 750 cc., i. e,, only 65 cc. bigger than a 
gorilla’s; also that a living man can still be a normal Homo tapiniM 
when his brain is only 105 cc, larger tlian a gorilla’s. We know, of 
conisB, that there are today and always have been some people in every 
human race, whether European, hiongolian, or Ncgr^ who are Hmno 
so'piem even though their skulls fail to exceed 600 cc, in volume. Now¬ 
adays we hide such individuals in asylums and call tliem abnormal or 
microcephalic idiots; but that does not change their sapient human 
ancestry; nor does it prevent them from living and speaking or act¬ 
ing like the sapient human beings they are; or learning to do anything 
tliat a very primitive man with a similar brain content, like Austroi^ 
is likely to have been able to do. 

On the anatomical side, therefore, nothing of importance remains 
for the anatomist to do in the way of finding further physical links to 
bridge the gap that was apparent between ape and man in Danvin s 
day. Such a gap no longer exists, even in brain size. We have at last 
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come face to face with tlie dilemma that Darwin (1871^ p. ST0> boldly 
visualized 85 years afio : He realized Uxat when such creutures as the 
Australopitlietinfte were found we would not know whetUer to call 
tliom men or apes. He actually wrote on this very matter: “WheUier 
primeval raati, when he t»ssessed few arts, and those of the rudest kind, 
and when his liower of speech was estremely imperfe^, would have 
deserved to be culled man, depend <w the depdtitm we eifiplirf/- 
In a series of forms graduating insensibly from someape-like creature 
to man os he now exists, it would be impossible to fix on any defmite 
point where the term ‘man’ ought to be used. But thie w a mait&r of 
very little importaTux.^ (Italics are mine.) 

Ever since tho discovery of the South African manlike apes, this 
business of trying to determine the boundary between ape and man or, 
expressed otherwise, to define w'hat is and what is not a man has become 
increasingly difUcult- It will always remain difficult until we realize 
with Darwin that this question, like each of those other more ancient 
philosophical posers (such as “how many angels can balance on a 
head" or “wliich came first, the hen or the egg”), w a. Tiuxlter of Uttle 
importance. 

AtrSTEtALOPITDECINE ACniEVEMETiTS AT MAKAPANSCAT 

The thinking power of the australopithccine brain can \k assessed to 
some extent by the form it takes inside tho skull, by the differences he* 
tween its form and that of the cliimpanzee and the gorilla; but it can 
he gaged by the average ijerson more conveniently through what these 
manlike apes did. Upon this very matter of wbftt they did and were 
able to do, inveatigations in the Jlakapanfigst Valley have been tlirow* 
ing much light in the post few years. (Sm pi. 1, figs. 1 and 2,) 

This remarkable little valley, less than 200 miles nortli of Johannes¬ 
burg, lias been riddled for the last million years with limestone caves 
that have served as the dwellings of primitive mankind from australo- 
pithccine times right dowri to the European Voortrokkers and their 
northwDid intrusion into the Transvaal from the Cape of Good Tlope. 

Bnrely a mils separates the first from the lost of eight known and 
partially explored caves along this valley; fossil-bone deposits show 
that all of them were occupied by recent man or his predecessors. Quo 
cavern, known aa the Limoworks site, was occupied by the manlike apes 
called Anstralopiiheeite prometheue and no less than three other caves 
by preliistoric men in tlie various phases of their development from the 
Old Stone Age onward. 

The most thorouglily excavated human site, known as the “Cave of 
Hearths,” has revealed a virtually unbroken record of habitation from 
Old Stone Age times down to the present day, of probably lOOJXK) 
years duration. At the Limeworks site, nearly a mile farther down 
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the Talley, just as at all other known man-ape sites, nothing in the 
nature of a stone uoplement had erer been diacorered before October 
1954. That month C- K. Brain was sampling the main sectiona of the 
Limeworks deposit for minerelogical analysis when he found a number 
of stone pebbles that appeared to haTo been artificially fractured. 
They lay in an IS-foot gravel stratum 15 feet above the stratum of gray 
bone-breccia material, from which the australopithecine remains hnd 
previously been rcco'VBred. The 129 trimmed stones submitted by Mr. 
Brain to Prof. C- van Eict T^owe for examination included 10 Sake 
artifacts, 4 artifacts on water-worn pebbles, S artifacts on thin slabs 
of dolomite, and 1 split pebble, wliich he “assigned to the Ifeveloped 
Kaftian Chilture as this occurs in Uganda and ... in the 200 ft, ter¬ 
race of the Vatd River at Klipdam.” 

Even implements of the Old Stone Age are rarely found in cavern 
depceits. To find in such a site pebble stone tools, that must have pre¬ 
ceded Old Stone Age tools by hundreds of thousands of years and had 
only been found previously in the oldest known Pleistocene river grav¬ 
els of Africa, was utterly unprecedented. As Prof, van Riet Tjowe 
(Brain, van Riet fjowe, and Dart, 1055) pointed out, this dLseovery of 
Kftfuan-type artifacts in a terraced river gravel in an undisturbed stra¬ 
tified sequence of deposits immediately overlying australopithectne- 
bearing breccias in a cave is and as he stated later in a broad¬ 

cast talk: “It narrows the gap between ape and man os it has never 
been narrowed before: it reduces the geological horizons between which 
missing links are to be sought in a manner that anthropologiste could 
not previously have visunllacd,” 

Yet still more was to ooine from the Limeworks. The generous fi nan- 
rial assistance ufTorded to Professor van Riet Ijowe and to myself by 
the TVenner-Gren Foundation of New York for our previously sepa¬ 
rate programs (his at the Cave of TTenrths, mine at the Limeworks) 
enabled us early in 1955 to make a joint onslaught on the Limeworks 
pebble Btmtum. Revil Mason and Alun R, Hughes undertook 
the fieldwork with the assistance of Dr. Edouard B. T* Bone of the 
tTniversity of Ijouvain and liflle. Suzanne Jean of the Kfusfe do 
ITTomme, Paris, during part of the time. 

They recover^ Bcverfll thousand pebbles, and in the material coming 
from the same gravel stratum, which had previously furnished no 
fossils and was regarded as sterile, Sir, Mason first discovered various 
fragments of bone, including the enamel plate of an elephant tooth. 
Most Important of all, on April 30 Mr, Hughes found a small fragment 
of the right side of the npper jaw of an AutirtiiopitKeevts. The piece 
was too small to enable us to detennine whether or not it was actually 
A. ffomttheas} hot if not, it is certainly a very closely related 
Small os the fragment is, it showed that aiiPtralopithecmes, identical 
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with or closely akin to A. proiMthma^ we contempor&neoiiB witli, 
and may have manufactured, the stone pebble artifacts found along¬ 
side these few fossil bones. At one stroke the supposed cultural gap 
between ape and man had also been so narrowed as virtually to 
vanish The only alternative to the deduction that these australopithe- 
cinea, whether man or ape, had made the stono artifacts, is to find 
one day some other and rather more advanced primitive human type 
in tJie same stratum, which might then be regarded as responsible for 
the implements and for destroying the Bustralopithecines. 

This latter, of course, is a possibility; but, from what we know about 
the intelligence of living anthropoids on the one side and the structure 
and habits of A. pr&methevs on the other side, it seems vastly more 
probable that protohumanity, at the australopithecme phase of 
development, had developed all the intelligence necessary for making 
whatever intellectual leap may have been involved in the cultural feat 
of utiliring stoues as tools and evea of shaping them to that end. 

KoWer, Yerkes, and other students of chimpanzee behavior have 
shown, as Leslie A. Wliite {1&32, pp. 69-70) put it, that- 

apea no bullil ncconlliig to lAatw whteli are formulated to tU tlie Bltoatlon of 
tlie wtunent. TIhib rd ft]>e can build a strncturB of buses and. wttb a tool «bld» 
be hB» tuado by Jolalog two Btlcks. Itnock a banana from tbe roof of bla HfiiB®- * ■ • 

The ppt liBB the capocSty to concu^i^'e of coiifljniruE.loii3 flOil then to project 
thetii Into materials, tools nnd rbjectlves. Be hiB the caparitT to eseente a 
KTles of acta Implicitly liefoi'e be cotnniencea them overtly. Figuratively apeak- 
tug be rehearsefl In his mind the aeries of steps necessary to attala nn objective 
before he mekos a tDOve- Then be proceeds to re-arrnnge hU onrlronBWOt accoid- 
iDg to bla plan. Thns the ope 1« b aub-llnBual architect, or, even b dramfltlBt 

These estinct australupithecmes had brains about twice as big as 
those of chimpanzees; more important, they were not semiercct cvm- 
turea that built nests of broken branches in the tops of trees like 
chimpanzees, where they chattered and munched shoots of leavre and 
fruit Australftpithecinea greatly eiceeded chimpanzees and gorillas 
in the use of tools because, along with bigger brains, they had bip 
bones and a pelvis, thlgbs, legs, and feet that were in no sense apelike. 
Their trunk and lower limb bon® and muscl® were just as human as 
those in the torso and hips, buttocks and tliighs, kgs, and feet of 
Pygmies or Buslimen. TIvey did not etiend their lives clambering in 
trees or swinging from branches, nor did they scamper over the rocks 
on all fours like baboons; they strode and raced across the veld like 
men. They did not lollop along supporting a great part of their body 
weight on their knuckles like chimpanzees and gorillas, when they are 
on the ground; they marched on their heels and their arms sprung free, 
and customarily they carried in their hands weapons, just as all 
human beings have carried them since they became upright. Their 
weapons were not fashioned of stones—tbty were crude, unahspen 
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clubSf such as were botne by Hercules. They floari&hed the jawbones 
of prehistoric bufraloes, antelopes^ zebras, and giraffes, just as Samp¬ 
son is reputed to hare wielded the jawbone of an ass to alay the 
Philisti nes in thousan ds. They sei zed the back ends of antelope skulls 
as handles and fimployed their double-pronged horns aa picks. Such 
were tho a^ces, mattocks, and daggers used by theae protomen. They 
slashed tlioir opponents with antelope hip bones and shoulder blades; 
they struck them down with tibiae, thigh bones, and upper arm bones« 
These long bones made eicellent bludgeons until their heads we^ 
smashed to smithereens by use or their shafts were broken. Then their 
Bword-slmrp shattered ends were as formidable as stilettos* Thus, 
armed with implements of bone and horn for strikLog and thrusting, 
and tusks of giraffes, baboons, wild bears, hyenas, or aaber-tootlied 
tigers for slashing down or slitting open—^weapons tom from the 
carcasses of beasts slain by tliemselves or other carnivores—they were 
just as competent hunters as litnnan beings—probably more compe¬ 
tent, because they had fewer inhibitions. 

How do we know all tliiat From analyzing tho gi-ay bone breccia 
in the bfisal kyers of the bona breccia at Makapansgat Limeworks. 
There, no stone too!, not even a pebble stone tool, has been found 
hitherto. The Limeworks gray breccia is significant not so much 
for tlie number and variety of man-apes found in it (only 19 frag¬ 
ments had been found before 195S), but for the number and variety 
of huge wild animals found alongside the man-apes; and chiefly for 
the relative numbers of their bones, tectli, and horns (i. e^, their 
osteodontokeratio —if we wirii to say ^‘bone, tooth, and hom^^ in one 
word—remains) * The Limew'orks site has now become even more, 
significant; it is the only known site in the world which holds out 
the prospect of tracing the transition from bone to stone, 

AUSTRALOPirnEONE BLUDGEON TECHNIQUE 

The fossil animals slam by the man-apes at Maknpansgat were so 
big that in 1925 I was misled into believing that only human beings 
of advanced intelligence could have been responsible for such manlike 
hunting work as the bones revealed. The bones accompanying 
tralopUhecus africanug atTaungs have been tliose of little antelopes, 
tortoises, hares, and rodentB—^small creaturea, not great game of huge 
bulk such as the kudu, gimfie, buffalo, rhinoceros, and hippopotamus. 
These Makapauagflt pretomen, like Nimrod long after tliexn, were 
mighty hunters. 

They were also callous and brutaL The most shocking specimen 
thc-Te wag the fractured lower jaw of a 12-year-old son of a manlike 
ape. The lad had been killed by a violent blow delivered with cal¬ 
culated accuracy on the point of the chin anther by a smashing fiat 
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or a dob. The bludgeon blow was so T)cioiis that it had ahattcred 
the jaw on both sides of the face and knocked out all the front teeth. 
That dramatic specimen impelled me in 1948 and the T years following 
to study further their murderous and cannibalistic way of life. 

Twenty years before that^the year after Aiisfralopithe<>w a/ri- 
camus had been ^soovered—it had been shown (Daii;, 1D26) that the 
Taungs caretn breccia was a midden lusap^ and that its contents con¬ 
sisted of comminuted bones of turtles, birds, insectirores, rodents, 
baboons, and smalt bucks, ns well os bird-e gg shells. Later, embs 
and rock rabbits were added to the known diet; and when describing 
the dentition (Dart, 1934} I pointed out tliat the baboons, which 
constituted the best-known dietary objects at Taungs, had been killed 
by dexterous forcei Some skulls showed radiating fractures due to 
the impact of picks or projectiles, probably stones, in the right 
parietotemporal region of the skulL Others exhibited rounded 
openings in the top or at the base;, suggesting tliat the brains had 
been forcibly removed for food. 

The 58 baboon akulis and jaws tliat had been found in the interim 
at Taimgs, Sterkfontein, and Makapunsgat (Dart, lIHy) enabled ma 
later to compare the identienl kinds of violence to which they had 
been subjected at these three different sites removed geographically 
from one another by hundreds of miles and separated from one an¬ 
other in time by scor« and possibly hundreds of thousands of yeara 
Studying each specimen with the assistance of Prof. B. H. Macintosh, 
head of the Department of Forensie Medicine, and other medical men 
competent through their professional experience to express an opinion 
about letJtal injuries, it became obvious that these cranial fractures 
were of too local and specific a character to be explained by rock 
falls or earth collapses, such as some people might have been led to 
suggest; they had been caused by implements of some sort wielded by 
hands. 

Sixty-four percent of these baboon skull and jaw specimens had 
been fractured by right-handed blows apparently delivered from the 
front; IT percent were unmistakably right-handed because they hud 
smashed in the left aide; only 5 percent could be regarded as left- 
handed; and 14 percent had appai-ently been delivered from tlxe rear 
by stealth and once again with the right Land, Out of six austmlo- 
pithecine skuHa, four, i. o., two-thirds, had received vertical shocks 
from in front, while two had aaocumbed to blows in tlie left lateral 
region of the skull, also apparently wielded by the riglit hand. These 
diagnoses had been made before the adolescent mandible wltli its 
graphic chin blow came into my hands. 

An ntterly unexpected outcome of that careful analysis of baboon 
and anstralopithecine skull fractures was the further light tlie frac¬ 
tures threw on the technique employed in killing and eating. Small 
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and hix tccbtiicil aisiixantp E. J, GrobbclBar; iu ^rdutlc inTcitmeni wai devoted by Dr* 
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triradiate or almost circular Loles in skulls indicated thrusts irith 
pointed objects sudt as the eluifts of broken bones or horn tips; tri¬ 
angular depressions seemed as tbough caused bj stones or other mis¬ 
siles; openings in the skull Vhhere tlie outer table had been wrenched 
away demonstrated tearing off by finger and thumb or by a levering 
bone or horn; depressed margins of openings and partially crushed 
infantile skull boxes exhibited tlie work of squeezing palms nnd poking 
fingers. 

Most important aod very puzzling until the explanation came to 
Ught were those skulls from all three sites, bolli baboon and aus- 
tralopithecine, where the fractures were in the form of a double fur¬ 
row with a liillock formed by the broken bone in between the two 
furrows. Clearly tlie same sort of tool had been used at all three sites. 
The only objects in the breccia that fitted into these double depressions 
were the double epioondylar ridges on the distal ends of the antelope 
upper arm bones. Then it was seen that very rarely were humeri, or 
upper arm boues, of any ungulate beast found in the bone deposit, 
whose epioondylar ridges had not suffered extensive damage prior to 
foesilizatiom Patently the thug technique of ba^-liing beanis in vrith 
any handy bone or brick had a heritage of at least a million years. 

HYENA FANCIES ANO FACTS 

Despite these convincing proofs concerning the systematized pre¬ 
daceous, carnivorous, and cannibalistic habit of Austrulopithecinae 
and these specific evidences of their ability to seize upon the limb bones 
and boms of wild beasts and to employ them in the chase and inter¬ 
necine strife as welt as in the procurements of their food, various 
individuals (Oakley, 1953; Von KoenigswsId, still insisted on 
resnrrecting the notion, put forward in a conjectural fashion by Dean 
William Buckland (1822) ISO-odd years ogo^ that cavern bone accumu¬ 
lations a re the work of hy enas. 

This myth of tlie bone-aocumulating hyena boa been discussed at 
length in an article in the American Antliropologist (Dart, in press), 
so it would be repetitious to deal with all its absurdities here. Buck- 
land embroidered an Oriental fable to account for deposits of broken 
bones in caves (that were both contemporaneously and subsequently 
being shoivn to be the work of prediluvial man) which he could not 
attribute to the supposed Universal Deluge. Buckland’s fanciful as¬ 
sumption was adopted uncritically in that pre-Darwinian era by his 
most brilliant pupil, Charles Lryell. First publislied in 1338, LyeU’s 
Students* Elements of Geology ran through six editions and en¬ 
trenched Buckland’s bone-accumulating hyena theory in geological 
and archeolo^cal faitli, despite the subsequent overthrow of tlie Mo¬ 
saic chronology it was originally invented to support. 

SToaao Bfl »» 
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Beolizing th^ fkm grip this prepo^eroiis theory tmd secured on 
geological and ajithropologlcal interpretation of bone deports in 
cares, we decided m 1D48 to sort the whole Lime works dump system¬ 
atically, to retain erery fragment of bene isolated from the bone- 
bearing breccia, and thus to secure a body of material capable of sta¬ 
tistical comparison with any samples of bones that might be taken from 
hyena or other carnivore dens. In this fashion, during the past 10 
years, ftrst by 3 years of casual sorting and during the subsequent T 
years by systematic eactraction and development of all the breccia en¬ 
countered, 7,160 bone fragmente had been isolated up to July 1055* 
A statistical report was then presented at the Third Pan-African 
Congress of Prehistory at Livingstone analysing tlieir distribution. 

Meantime hyena lairs had been examined, lirst in 1053 on the farm 
Mala ilala on the w^em boundary of the Kruger National Park, 
and then about fiOO mileo to the west in the Gemsbok National Park 
in the Southei^ iCalahari in tlie vicinity of the river-bed junction 
of the Auob and Nosob Rivers* Two low rocl^ recesses in the river 
bonks wTthin tlie Gemsbok National Pork that had been occupied by 
porcupines yielded, in 1054, to A!un E* Hughes and C. F* Brand 140 
bones and horns (80 from one and 57 from the other) of which HO 
boi'e the marks of porcupine gnawing. The local game warden, J* D* 
le Ridie, bom on the farm Twee Bivieren before it was absorbed into 
the resei’ve, attributed the scattered bones littering the floors of these 
2- to 3-foot-high calcrete recesses to the porcupines (many of whose 
quills corroborated lus evidence), which hod obtained them from hyena 
in the vicinity* 

A similar symbiosis of hyena and porcupine on the hill Platberg, 
15 miles north of Klerksdorp in tlie Transvaal, gave a surface total 
of IGS bones scattered about on d.oleritic blocks and the sloping ground 
below. Hyenas, two of which have been shot on the property in the 
last two years, have probably played some part in aggregating these 
bones, because their droppings occur nearby and 27 of the fragments 
are rehttively fresh. The chief animal agents operating on the bones, 
however, are porcupines, for only 20 of the 168 have escaped their 
attaition. The pr^ence of a human temporal bone and femur togctlicr 
witli nearby deserted stone circles also complicate the picture* 

At Mala Mala two hyena lairs had been investigated by Alun B* 
Hughes and H. F* N* Harington in 1053, and one of them—^an old ant- 
bear warren—was completely excavated; the only skeletal remains 
extracted from both of ttiese lairs was the intact carapace of a tortoise 
that had apparently fallen into the warren and failed to find its way 
ouL (Hughes, 1954a, b). 

Hyenas, therefore, under the pressure of human proximity, may 
collect at a single locality (but not in a den) from the kills they make 
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09 tnAny aa 200± bone frogmentaj and there the bones may attract the 
Attention of porcupines. Porcuptnea, liring in low recesses, also take 
advantage of tha proximity of hyena (or possibly other carnivore) 
kills to drag these bones and horns into or near their occupation sites. 
At Makapansgat, however, we are dealing with bone, tooth, and hom- 
core fragments reckoned not by scores but by thousands. Hy'cnas ate 
not cannibals and they cannot prey upon porcupines; in consequence 
at hyena or hyena—porcupine sites no hyena or porcupine skulls have 
been found; at Midrapansgat, on the other hand, the skulls of both 
hyenas and porcupines, even giant porcupines, are found in relative 
frequency and also in a very damaged state. 

The bones and shells of water turtles at hfakaponsgat, like the crabs 
at Taiings, show that the Australopitliecinae hunted in streams and 
knew how to break open with a club or stone a turtle- or tortoise-shell 
case: this a hyena does not and cannot do. From eggshells and the 
skulls of birds such as the shrike, vulture, and marabou stork, wo see 
that these Australopithecinae delighted, like baboons, gibbons, and all 
naughty boyu, in bird nesting; and also in driving carrion birds away 
fi-om their prey, or clubbing tlieii:i when they were so gluttonously full 
that they could not fly away. So, too, in disputes over prey they 
probably clubbed the hyenas and the wild dog, jackal, leopard, saber- 
toothed tiger, and other carnivorea, both medium and small, whose 
broken skulls are found in the deposit at hfakapansgat. The giant 
rotlent moles and spring hares found at Taungs could only be cap¬ 
tured by digging them out of their burrows. The two hares at Makn- 
pansgat indicate thoir manlike speed; tlm eight porcupines, including 
two giant specimens, reveal their capacity to deal with prickly 
problems. 

Clearly the australoplthecines, tike all primitive human beings, took 
fleshy food wherever they found it; they hunted small game and large 
game alike. We have tlte remains of at least 39 large bucks of kudu 
and roan antelope size, 136 medium of wildcbeeste proportions, 100 
small ones of the gazelle order, and 28 of the tiny duiker type repre¬ 
sented at MakapansgaL In that bone breccia are also remnants of 4 
fossil horses, 6 chnlicothetes (an extinct tjTM of tree-browsing creature 
with split toes like bear’s claws for dragging down tree branches), 
6 fossil giraffes, 5 rhinoceroses, a hippopotamus, no less than 20 wart 
hogs, and 45 baboons. No creature except man was so wide-ranging 
a hunter in stream or tree; above earth or underground; catching 
reptile, bird, rodent, carnivore, primate, or ungulate. Ihe animals 
they caught were generally the young or the old, those moat easily 
overtaken and overpowered; but it would be an error to underrate 
the manlike skill implied by the versatility displayed by the animals 
they hunted. 
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The creaturea that made this great heap of bones at Maknpansgat 
Jwed chiefly on antelopes, vhieh formed 92 percent of tlieir diet; bat 
they also destroyed hyenas and porcupines. Just as the hyena was 
their most popular carnivorous prey, so among the rodents they spe¬ 
cialized in porcupines despite their quills {perhaps because they 
needed their quills as well as their flesh). Among the primate they 
concentrated on babootis; of the ungulates (other than antelopes) 
they liked wart hogs best of all. 

The principal part of the body that recommended these non-antelope 
creatures to Uie midden-making austmlopithecines was the skull, as 
evidenced by the fact that 82.5 percent of tlie fragments are cranial I 
Tha parts of tlie skull they treasured were, first, the lower jaw, and 
second, the upper jaw. Obviously, too^ the austraEopithednes were 
head hunters, aa oniy tme nertebra (a baboon atlas) of tliese 140 non- 
antelope creatures has been found. The heads were apparently cut 
off sharp at tlie junction of skull and neck; the bodies were probably 
left to rot in the veld. 

Tlie anatomical feature that the upper and lower jaws of hyenas, 
baboons, wart hogs, and porcupines have in common is long, sharp 
teeth (lacerating canines or chisellike mcisors) such as will rip open 
a belly or tear out the eyes of an enemy. Tliese ancient hunters were 
after the tusks and the teeth for cutting tools. 

Darwin (1&71, p. 106) tells the story of a female baboon, kept under 
confinement by Drehm in Korth Africa, which “had so capacious a 
heart that she not only adopted young monkeys of other species:, but 
stole dogs and cats, which she continually carried aboaL ... An 
adopted kitten scratched this affectionate baboon who certainly had a 
fine intellect, for she was much astonished at being scratched and im¬ 
mediately examined the kitten^ feet and without more ado bit off the 
claws.” 

The Makapimsgat austratopithecines bed not only the baboon's wit 
to recognize thi^ portions of their antagonists’ anatomy, in which their 
strength and ftuy lay, and to deprive them of tJieir power, but also the 
manual skill to hack and saw off the offending parts, and in addition 
the undeietanding to abstract from these parts the vital poittona, and 
most of all, the intellectual ability to turn them against their [>ossessom; 

No better illustration of there abilities has been found than is illus- 
treted by the horse (zebra type) remabs; there, apart from the crenial 
fragments, wg find no vertebme or any portion of the limbs above the 
hock. The australopithecinos wanted tho distal part of the hind limb 
the part with the “kick” m it. Similarly with the chnlicotberes, the 
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tree-browBing creatures that ditigge<l down branches with their split- 
clawed boores; six of them are represeDted in the deposit, but of bones 
other than cranial fragments we found only one of their clawsp AVith 
the antelopes, too, of aU 2Q3 represented {2r^ targe, 1^6 mediunit 100 
small, and 28 very small) the parts of the legs below the ankles and 
wrist joints were taken into the care by the hundreds, but only four of 
tha hoof phalanges are left to teU the tale of what they were used for. 
Obviously the parts below the hcicks would hare been useless as food; 
they were needed desperately as tools, as donble-eaded dubs. 

The meet numerous of all skeletal fimgnients fotuid in tlie deposit are 
36& lower jaws (mandibles) of antelopes; the next most frequent ato 
the 336 double-ridged longer ends of their hiimeri. ClKirly no accident 
had been responsible for our discovery years ago that baboon and 
australopitheeine skull fractures on the one hand and the douhle- 
ridged humeri on the other hand bore a reciprocal relation to one an- 
other; hut this greater frequency of mandibular frugmenta was quite 
unexpected. 

The angle of an antelope half-mandible, if swung by its front end, 
can cut through flesh like a scimitar; the incisor teeth, or the broken 
front end of an antelope’s tower jaw, can penetrate an animaPs belly 
like a sharp sword point; but the greatest service such a jaw can render 
k with its shaq> serrated teeth to saw tlntyugh akin, flesh, or wofxL 
The smaller the anteloi>e the narrower the saw blade formed by its 
molar-premolar series of teeth; and the closer it approximates that 
moat fundamental of all human tools, the linear edge—the schoolboy's 
pocket knife, the hmisewife'e carving knife. Of the snmUest tj^pes of 
antelopes, such as the duiker, no vertebrae or Uiub bones of any sort 
were to be found, only skulL fragments, and of these skull fragments, 
no less than 53 are these narrow tittle knife blades (see ph 4)» 

The upper jaws of antelopes, unlike those of carnivores, ai*e not fum- 
Islicd with ferocious fangs, but the dental arcades in their palates form 
a regularly serrated broad arch; and this makes os perfect an abrasive 
surface as primitive humanity required down to l^lousterian and later 
times. Eight down to modem times, among the Bavenda and Bapedi 
tribes of the Transvaal, the palatal tooth series of oxen are employed 
in tlie scraping and softening of skins, Tlicro is little iikdihCM^ tliat 
the Australopithecinae used skins for clothing, but they needed imple¬ 
ments to scrape meat off bones and fat off skins for food. The hundreds 
of isolated maxiilary teeth, like tfae hundreds of madibular teeth found 
in the breccia, show that these natural scraj^rs and saws experienced 
the hard use tiiat justifies their profuse ooc^irrence in the deposit. 

This is not the place to delve more deeply into the individual funs;- 
tions subserved by each of the bones of the antelope body in the hunting 
work and domestic economy of the manlike apes; but it is relevant to 
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discuss tools and thair plucs in tlie origin and development of hmnaii 
speech to show tlie general benriTig of the information gleaned from 
this deposit upon academic tool concepts, as veil as upon living man^s 
distinctive attributes^ 

TTfE SECONDAnY STATUS OF STONE 

It lias been cnstomaty hiUierto to imagine that stone formed man^s 
first real too) material, and that, although man has been a hunter for 
about 1,000,000 years, he never seriously used teeth or tusks as tools or 
employed bones and horns (and then only as tool parts) until the 
Amignncian epoch, i* e*, about 2tl,000 years ago* There is, of courscp 
no question that in the Aurignacian and succeeding archeologic^ 
periods tliese osteodontokeratic materials found numerous novel tech¬ 
nical and artistic applications in human industriea, but those very 
novelties have merely served to conceal the primary or ancestra) 
usages discussed here, Tlie palatal scraper has been overlooked; and 
tlie saw, regarded heretofore as an acquisition of neolithic or, at most, 
mesolithic antiquity, has been revealed at ^fakapansgat as the prime 
possession of primitive mankind. 

Skeletal parts, having been odaptod by nature to destructive ends, 
were n complete answer to the early hunterprayer for tools; yet the 
rclati^^ indestructibility of stone has exercised so mesmeric an influ¬ 
ence upon terminology-loving archeologists tliat the primary place of 
these skeletal or osteodontokeratic materials in the paleolitldc domestic 
economy of man has been either obscured or completely hidden. Just 
as metals came after stone and did not replace stone in human economy 
but only led to new uses and applications of stone, so Makapansgat 
shows that atone pebbles came after bone, tooth, and horn, and when 
first introduced os missiles and choppers, pebbles did not and could 
not supplant all the uses skeletal materials subserved in human econ¬ 
omy ; {pebble tools merely assisted tlieir osteodontokeratic forerunners 
by taking over to some extent the functions of the chopper and cutting 
edge. 

The ancestral osteodontokeratic culture enforces upon us, first, a 
recognition of the limited tasks that even our metal took, however 
compUcated, can execute, and seciond, an appreciation of the compre¬ 
hensive response of osteodontokeratic look to those tasks m their 
basic forms from the outset. Archeology‘3 teeming terminology, 
based not so much on the work tools do but on fine typological varia¬ 
tions, creates the false iiupre^ion that the variety of tools needed by 
stone-age man slioiild correspond in some degree with the Immensity of 
our lithic nomenclature, which is chiefly geographicaL Basicallv, 
however, the human hand can perform but three kinda of motion, 
namely, pulling objects toward tlie body (or adducting), pushing 
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them Away (or abducting), and tTristing (or rotating) them inwardly 
oroatwnrdly. 

The named results of those movements depend, of course, on the 
amount of bodily weight and Riomentiim added to these adducting, 
abducting, and rotating manual movemente in tlie three dimensions of 
space. Thus the unaided body can squeeze and cnisli with its hands 
and arma (as can the great apes and many other mammals) j but only 
heel-fumiahed man can rotate the whole body around stabilized feet 
and therewith dance a jig, plant a fist in a face, throw an opponent in 
wrestling, or burl a projectile with accuracy. 

Amid the superabundant nomenclature our predwMSSors have in- 
vented for the entertainment and instruction of their fellows to de¬ 
scribe the movements of their own limbs and hands, and of their own 
and other creatures’ bodily parts, however, we cannot afford to lose 
sight of the bask simplicity of adducting (pulling), abducting (push- 
ing or thrusting), and rotating (twisting) manual and body move- 
mentsj because, so far os the tools held in human hands are concemctl, 
their actions and effects are equally simple nt root. They depend for 
their named effects simply upon whether what wo pull or push or no- 
tateissharpor blunt, and the speed or force with which the movements 
are eiecuted. 

Amid the glut of household and technical terms word-making 
human beings have further elaborated down the ages as names and 
synonyms for their various tools, to express nil the different actions 
they have named as being performed by means of those tools, and to 
describe all the seemingly divergent results or end products of those 
actions, we should also recognize that there are only two things a man 
can do with a toot, namely, hold it or let it go. If in tlie process of let¬ 
ting it go, throwing or burling it, he aims it at an object, he may 
liit or miss, but, if his throwing is aocumto, its result will be the same 
06 that of the tools in his hands. If he retains the tool in his hands it 
can only cut or pound according as it is sharp or blunt. 

If a hooked, sharp object, like the canine tooth in the upper or 
lower jaw of a hog, hyena, or baboon, is pulled through soft tissues it 
is said to slash or lacerate j if we pudi or pull a serrated edge, like the 
mandible of an antdope, over skin or meat it slices or saws; if we 
rotate any long, sharp object, like a bone sliver or quill, we bore, drill, 
or penetrate into cavities or tissues and doubtless twist their contents 
around the slender tool we have inserted. 

The forceful pulling (or downward or inward blow) of a sharp, 
pointed object, whether incisor tootli, horn, or broken bone, results 
in the piercing or stabbing of ffedi or tho digging of earth, the name 
depending on the thing pierced; a forceful pushing or upward and 
outward blow may poke, jab, split, thrust, or gouge objects, the named 
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effect depending largely on the bluntness or, if sharp, the 'width of 
tile tool. 

The forceful pull and push of a blunt, serrated object Uke an ante* 
lope palate can scrape, grate, abrade, or rasp off fat and flesh from 
akin and bone, or bark and rind from branch and stem. Persistence 
in scraping or rubbing leads to various named effects like braying, 
shredding, or polishing, depending on the material scraped. 

I'he forceful in'crard or outward blows of objects with business ends 
as blunt as long bones or wooden billets con result in varionsly named 
effects such as pounding, hammering, cracking, or smashing; but, if 
the object wielded has n flattened platelike form and la furnished, like 
the mandible, scapula, or innominate bone, 'with more or leas narrow 
and even linear borders, it is a natural blade and can hock and chop, 
or cleave and split as neatly os sword or ax. 

Apert from hurling then, pounding, cleaving, scraping, stabbing (or 
digging), and slicing (or sawing) may therefore be defined as the five 
basic operations carried out by men with tools. From one or another 
of these basic operations is derived every other impleinenta) proce¬ 
dure in our most modern maelnne shops and our largest vocabularies. 
These five basic operations, and many others that can bo given names, 
were all comprehensively subserved by the osteodontokeratic culture. 

Now when man or protoman began to employ pebblra for cutting as 
well aa hurling or pounding they could not meet ull five of these needs 
as well as ostcodontokeratic tools did—they were but accessory tools. 
Xot until man had learned to fashion pebble tools and other stone 
tools suiEciently sharp-edged and sharp-pointed to be permanently 
substituted for tusks, antelope mandibles, and Iwms could they begin 
to replace them. Consequently osleodontokeratic tools continued to 
be used alongside stone tools down through the ages. Stone tools, 
however sharp or massive and useful as missiles, could never become 
substitutes for bones and wood as clubs until they became bafted to 
bone or wood; at the outset pebbles could only assist man to fashion 
better clubs from wood than protoman could find naturally in bones. 
There were also among osteodontokenitic tools primal tools, such as 
palatal scrapers and mandibular sa’^v's for some of whoso uses stone- 
age man apparently never found entirely suitable lithic substitutes- 
The effectiveness of the osteodontokcratic armamentarium, despite an 
advanced knowledge of stone, is nowhere better illustrated than by its 
pcraistence in the Arctic, Pndfic, and Antarctic cultures until recent 
times. 

This incapacity of pebble tools to meet all the implemental needs of 
protohumanity demonstrates tlie futility of imajpnitig, with William 
L. Straus, Jr. (1055, p. 1S3), that tool making '‘reprasenta the greatest 
distinction of man,” or with Oakley ( 1051 , pp. that “bool- 
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making, ms distinct from nsing,” nught be employed to distin^ish the 
Australopithecinae from the later members of the Hominidtie; the 
unjustidablc presumption in both iiistances being tlmt tools were not 
made until some of them were fabricated from stone. It would bo os 
reasonable to suggest that metal- age man differs mentally from stone- 
age man, or atomic-age man from carriage-drawn man, os to hold that 
the malting of tools fi'om pebbles necessarily implied a cerebral revolu¬ 
tion in bone-, tooth-, and horn-using humanity. That is also why the 
iliscovery of pebble tools and an austmlopithocine maxillary fragment 
at the Umeworka site is not incongruous. 

TOOLS AND SPEECH 

The deposits of Taungs, Sterkfontein, and Makapaiisgat have told 
thus far a coherent stoiy “of <'f fruit-eating, forest-loving aijes but of 
sanguinary pursuits and the predaceous habits of protomcn. Thesa 
South African manlike apes were human not only in being two-footed, 
in maintaining the upright posture, and in having tiie facial form and 
dental apparatus of humanity; they were also human In their cave life, 
in tlxeir love of flesh, in hunting wild game to procure their daily food j 
but most of all tliey were human in employing skeletal parts to sub¬ 
serve the function of implements in the business of obtaining and 
preparing that food, in getting it and dividing it 

Tlie Makapan.^t Limeworks has provided detailed information 
about the irnplemental intelligence of the South African protomen, 
their osteodontokeratic clubs and choppers, poundcra and scrapei-s, 
projectiles ond doggers, saws and knives, and has Bmnounced the 
transition to pebble tools. In his remarkable essay on “The Processes 
of History/' Teggart <1918, p. 102) said: “Languages are made up of 
words, but these are not consciously and systematically elaborated; 
like the names in a scientific classification they come into existence 
only BS occasion demands and are elicited by objects, actions and 
events. Before ‘plowing/ ‘sowing' and ‘reaping’ could have been 
named tliese actions must have been performed and recognised.” 

Just as tlie language of agriculture was based upon the nomenclature 
of farming actions and the tools with wliidi those farming actions were 
performed, so man's earliest ImbbUngs must have been intimately con¬ 
cerned with, nay erected upon, his “nomenclature” of hunting actions 
and the tools with which those actions were iierformed. These hunting 
tools were the skeletal parts of animals; the prime and perpetual ob¬ 
jects, upon which they acted, were also animals and their parts; the 
tools theniaelves were activated by the hands and bodies of the hunters 
wliile their bodies andlimhewerein certain posit ions or postures; their 
entire food or bodiiy sustenance, so for as we know about it, consisted 
of animals and their parts. Their entire thought processes concerned 
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animals and their parts. If, therefore, worda are elicited by objects, 
actions, and ereiits, and if tiie fundamental object of inquiry in any 
language is its idea system, as Teggart claimed, and if the aim of 
speech, as he pointed out, is not the interchange of meaningless ^vords 
but the conveyance of ideas, then cleoi'ly the ideas these most primitive 
hunters '«vished most to convey to tlrelr fellows thronglmut their entire 
lives concerned entirely animals and their parts, whether Imuting or 
eating, whether preparing their bools for hunting, or dividing, by 
their means, the spoils of hunting. 

Leslie A. Wlute (1D42) lias realized that tlie essential diifereuee be¬ 
tween man and ape in rcst>ect to tools is not that man is more inventive: 
the dilTerence lies in the persistent place tools occupy in human think¬ 
ing. **ln the ape, tool experience is a series of discrete episodes; the 
inner experience begins and ends with the overt act In man tool 
experience is a continuum. Though the overt expression of the expe¬ 
rience is disconnected and episodic, the inner experience is on uninter¬ 
rupted How and it is the symbol, the word-formed idea, tliat makes tills 
continuity of experience possible^* (op. cit. p. 372). 

The actions and thoughts of hunting life were just as frequently and 
repeatedly being imagined, performed, and experienced by the Aus- 
tralopithecinae as by primitive hunting mankind. The Australopitlie- 
cinae recognized the implcmental significance of these skeletal parts; 
they took them into their caverns and out upon their hunting ex]}edi- 
tions to subserve those same hunting ends. Dare we say that with 
them tool experience was not a continuum 1 Did they not also give 
“names” to their tools and the actions they performed with tliemf Or 
were they, like deaf mutes, speechless and content only with gestm'eaf 
We cannot say, but many distinguished scholars from Has and Tylor to 
Paget and Johannesson (see Paget, 1&51, pp. 82-94) have insisted that 
human speech had ite origin in gestures. Again, as Oakley (1961, p. 
72) has rightly observed, a human cliild “is usually beginning to talk 
at the age of two years; yet at that age a brain capacity of C50 cc. is 
probably well within tlie normal range. Thus one cannot assume ^bnt 
an adult Auatralopitk^cut with a brain of that size was incapable of 
speech.” 

futures only b^ome meaningful when they symbolize actions; 
actions attain specific significance as soon as they are regularly and 
repeatedly porfomied by purposeful tools. Aocording to White (1932, 
p. 72) “the ape does not pi^rve lus tools, not does be talk about them! 
Man does bo^ Civilization may be defined as the accumulated prod¬ 
ucts of man’s tool ond symbol capacities; the former gives us the 
material aide of civilization and the latter the intellectual and 
Bpiritual.” 

Kroeber (1928, p. 336) had drawn attention a few yeara previously 
to the diimpanzee’s inability “outside of posed problems to manufsc- 
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ta» tool» or loy Ui«a .aao lor th. laluio." The Mokopoos^t oo^ 

tralopithecincs differed fwm the chimpanzee in bmifiing to their 
caverns the material for their tools, in preserving them, and m laying 
them aside for the future; in brief, they had developed an osteodonto- 

Tho Auatralopithecinae may not have talked about their works, their 
tools, and tliB actions performed ndth their aid; nor am I aware of any 
evidence tliat articulate speech, as wo term it, was ^^7 

htiman tyiM preceding Homo tapifiw (see Paget, op, cit.). lete can, 
however, be little doubt that tliese oustralopithecme tiMkere of ^eo- 
dontokeratio tools, these followed of antelop^huntmg tecl^ques, 
tliese di^toi^ of animal bodies had a correspondingly adequate num¬ 
ber of distinctive gestures and signals, manual, implementol, and 
doubtless vocal, for oommunicating their intentions while as^mblmg 
tools for, and employing those tools in, their huntog, ^d for desi^at. 
ing their wishes in respect to those tools when dividing the apoiU of 
the chase. In bo doing tliey were laying tlie foundations upon which 
was erected tlie superstructure of articulate speech. 
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CiK YfitJ ncAQiNE a ma^hiriQ that could operate 70 to SO cycles per 
minute, or about 42 million cycke per year^ escrting a force of 5 to 10 
tons each 24 hours, continually ^without once stopping) for MJ to 100 
years? Such on amazing machine is the huiaan liear!^ It never 
stops working from the time we are born unti! we die. It lias been 
estimated that the heart beats 3 billion times during die Biblical 
life span of three score yeurs and ten, pumping a total of 250 miiliou 
quarts of blood—almost enough to fill a large football stadluin, and 
esorting a total effort which, if it were all applied at mice, could 
lift the biggest battleship afloat 14 feet out of the water, 

Tlie title of this paper might suggest that man lias now been able 
to create an artificial tnachiiiB with the same fantastic properties and 
capabilities as the human heart^a mechanical heart that might 
as substitute for the real human organ* Medicevt science has succeeded 
in developing a mochanical heart, but this madilno thus far has been 
able to perform the functions of the heart for only ii v^iy brief period 
of time during cardiac sui^ry. Tlie mechanical heart is nonethisleas a 
significant odTance in medical science. 

Before anything was known about the real function of the human 
heart, many types of unlikely characteristics were attributed to it* 
It was held as the seat of all emotions, the center of love and Imte, cour- 
age and cowardice, sympathy and ruthlessness, virtue and vice. 
Parted lovers, frustrated artista, and disappointed statesmen have 
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been said to have died of “a broken heart,” Cruelty has been blamed 
on a *^hard heart” or eren *^no heart at all,” 'srhile kindness lias been 
said to be due to a ^soft heart” or a ^‘very large heart.” 

As early as 1700 B. C. an Egyptian surgical papyrus described the 
heart as a central organ in the thorax from ivhicli vessels ivei^ dis¬ 
tributed to various parts of tlie body. Among the ancient doctrines 
was the belief, ascribed to HJpj>ocrates of Cos (4£0-3T0 B. C.), that 
the heart was not subject to disease, because of its compact and maa- 
sive composition. In an anatomic treatise on tlie heart of 400 B. C. 
w-ere included descriptions of the valves of the heart, tho ventricles, 
and tlie great vessels. The author of the treatise erroneously cir¬ 
culated the belief, which was widespi'ead among tlie ancients, that 
the arteries were filled witli air while the veins contained blood. 

Galen of Pergamon (A. D. lSS-201) described a concept of the heart 
and tho blood vessels which waa universally accepted for nearly four¬ 
teen centmies, kfodern authorities disagree in tlie interpretation of 
Galen’s concepts (Fleming, 1055), but tiiere Is general agreemont that 
Galen tiiouglit that at least a portion of the blood from the loft side 
of the heart reached the rigiit side by means of “invisible pores” in 
the septum, tlie wall separatiug the right and left auricles and 
ventricloa. 

The rapid development of anatomical knowledge during the six- 
tecntli and eeventeentli centuries ultimately led to tlie present-day 
understanding of the functions of the heart (Willius and Dry, 1048). 
As early as the tliirteonth century, the Arsbiau physician Ibn an-Xafis 
suggested the general scheme of pulmonary circulation and denied 
the existence of the “invisible ijorea” in the septum as taught by Galen. 
Again m 15&3 Michael Servetus (1B09—1553) discussed the existence 
of the pulmonary circulation; and Andrea Gesalpino (15a4-1603) 
pffitulated the general circulation of the blood. None of these con¬ 
tributions, hon'ever, exerted a pronounced influence in correcting the 
Galenic theory, and it wag not until William Harvey (I6T8-165T) 
published his famous treatise “Da Motu Cordis” in 16S38 that the 
tlieory of the circulation of blood wag generally accepted. Ilarvey 
had studied at Padua where the chair of anatomy was held successively 
by Andreas Vesaliua {I&l4-15e4), who also denied the presence of tho 
“invisible pores”; Matteo Rcaldo Colombo (15161-1650), who con¬ 
ceived the pulmonary circulation in part; Gnbrielb Fallopio (1523- 
1562), who demonstrated the coronary vessels by dissection ' oiid 
Hieronymus Fabricius (15S7-1619), who described the valves of the 
veins. It was after be returned to England that Hnrvoy continued 
his studies, and m 1628 finally publislicd his famous treatise. The 
crux of Harvey’s concept was tliat the actual quantity of blood as 
determined by measurement made it impossible for tlie blood to follow 
any other course than to return to the heart by way of the venous sys- 
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tem. With the development of the microBcoi^, Marcello Malpighi 
(1628-1604) added tlie missing piece of the pm^le by the demonstra- 
tion of the capillaries. 

It Beeras likely that once the importaiico of the heart was realized, 
various thoughts must liave been ^veu to methods and meaiw of re¬ 
placing the heart by some artificial means. One such notion was 
expressed as early as 1812 by Julien-Jean-Cesar 1.* Gallois (1770- 
1814), who observed! “If one could substitute for the heart a kind of 
injection ... of arterial blood, either natural or artificially made 
... one would succeed easily in maintaining alive Indefinitely any 
part of the body whatsoever {La Galloie, 1819). (See pi. 1.) It 
remained, howeUr, for other workers actually to undertake such 
Mperiments. 

Tediniqties that irere later ejnployed in esperimenta leading tip Ui 
a mechanical substitution for the heart originated with the first at¬ 
tempts at blood transfusion. To Kicbard Jjower (1081-1691) of the 
Royal Society of London goes the credit of performing the fii^ direct 
blood transfusion in February 1005. The results were published in 
Ihe first volume of the Philosophical Transactions for December 1666 
(Maluf, 1954). 

Even though early experimenters in the field during tlio seventeenth 
century recommended the use of volatile ‘^staghorn salt ’ or “sahiuak 
spirit** as an anticoagulant, live inability to cope with the natural 
phenomenon of blood clotting (among other factoie) brought about 
a decline of blood-transfusion experiments until the nineteenth 
century. 

Two French physiological chemists, Jean Louis Pr6vost (li90- 
1850) and Jean Baptiste Andr6 Dumas (1800-1884), found that whip¬ 
ping or twirling blood resulted in the deposition of fibrin on the chiirn- 
inglnstrument and prevented dotting in the defibrinated blo(^. Tlvis 
discovery led to a new scries of experiments in blood transfusion, even 
tJiough the faumus French physiologist Francois Ifageudie (1783- 
1855) presented experimental data to show that defibrinated blot^ was 
toxic. An indecisive battle for and against the use of defibrinated 

blood raged for several decade 

In 1885, the saliva of the leech was found to contain a substance 
named “hirudin,” which prevented the coagulation of the blood, and 
it was used as an anticoagulant in blood transfuriotis until 1916, when 
it was found that some samples were highly toxic. Heparin was first 
prepared from liver in 1916, but it was not used in medicine until it 
was purified in 1633. Its action as an antic^ulant appears to be the 
prevention of the conversion of protluomhin to thrombin. ^ 

One of the early nineteenth-century transfusion experiments, which 
may have been the earliest extracorporeal blood circidetion of a living 
organism, was performed by Jamea Blundell (li90-1878), an Eng is 
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obstetrician^ at Guy's Hospital in London. In an attempt to determine 
whether blood could be transfused by a syringe ^S^Jthout becoming 
unfit for the purposes of life,” Blundell circulated a dog's entire blood 
through a special pump^ which he termed an ^^impellor,” without ill 
effects to the dog. Blundeil reported prior to 1S34 (Castle, 1834) t 

Dlrectluf towanis the henn a tubule in&erted Into tho femuraL or carotid 
flitetri ntid tbe corrojipondlos velas^ I placed near to these tubes a cup In com* 
munlcutlaQ wltli a proper apparattm, then nllowlrt^ tbe blood to ruah from the 
ttrlor>' Into the bottom of the Cdp, by meana of an Jnstrument cnlled an Im- 
pcUor . * , I ahdorlicd this fluid Into tbe barrel of a mid tetumed It 

to the veins, ^ Adjusting the return to tbe eruption from the artery^ tluLt more 
than BD nunce of blood wns uerer nllowed to accumulate In tbe cup or the 
sjrbipe fit one time . . . the operAtlon was carried on for twenty or thirty 
mlouteB together, the btood rubbing from the artery during tbe whole tlme^ so 
that all the blood In the body of the naUnal must bBVa psssed tbe eyrtuEU, and 
tbla too repeatedij^ the dog, however, not appearing to suffer materially in 
cmtBeniience. 

Aside from this very remarkahle experiment by Blundell, experi* 
ments that eventually led to the conception of a mechanical subatitU' 
tion of the heart dealt with the perfusion of living organs and 
tissues. 

In I828j a Frenchman named Kay showed that urtiBcial perfusion 
ivith blood was capable of restoring irritability of dying muscle, and 
in 1846, Wild^ a German, described what is probably the first per^ 
fusion of the isolated heart (Gnn-ison and Morton^ 1943.) In 1858, 
CharleS'Edouard Brown Secjuard (181S-18D4) observed tho reestab¬ 
lishment of certain cerebral functions by circulating blood through 
tlie vessels of a head separated from its body, while m 1866 filie de 
Cyon (1842^1312) kept tho isolated heart of a frog beating for 48 
hours. From the laboratories of Carl Friedrich Ludwig (I81fr- 
1895) in 1868 enme one of the first specially made apparatuses by 
which blood could be forced under constant pressure from a n^ervoir 
(Belt, Smith, and WTiipple, 1920). 

Henry Newell Marlin (1848-1896), professor of biologj^ at Johns 
Hopking Univet^ty, made “^one of the greatest single cootributionB 
ever to come from an American physiological laboratory’^ (Garri¬ 
son and ilorton, 1943), when in 1880 he devised a new means of 
studying the activity of tlie mammalian heart Henry Sewall Mar¬ 
tinis assistant recorded: “I vety well remember one morning 1 tliint 
it was in the Fall of 1830, Martin said to me in effect, ‘I eiuld not 
sleep last night and the thought came to me that the problem of isolat¬ 
ing the mammalian heart might be solved by getting return circula¬ 
tion through coTonary (Sewall, 1011). In Martin^g own 

woi'ds. published m 1883: 
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tbMt ii]p£>1^ng tlie heirt Its^U^ while ieavlnff the piitmonftTT intftct 

The heart und Inii^s Wing fgpplled with blood alone retain the TiUiILtr; nil 
e^tnineonfl nenre i:enierH ^ttlng tn> blood booq die wlib the remainder of the 
animal * , ^ bo fhr . . * dogs onlj have been ofied^ and deflhiliLated Blitilned 
calTfl bitwd h fta been the meclliini eroploj'ed to notixlsh the laolotod henrt 
(aiartlD. 1SS3.J 

Martinis arrojigerDetit for the isolated he4irt Ehd lung becaiuo known 
tts a heort-lnng preparation ^ a procedure whkbi with modification^ has 
since been employed by many workers in tlia field. 

Even though the ancienta taught that the arteries carried blood 
mixed with air^ it was tiot until the eighteenth century that the theory 
was proved. Antoine-Laurent Lavoisier (IT43-1T94) demonstrated 
that respiration caused chemical alterations in the respired air and 
that some of the oxygen, or “vital air^^ as he called iti was actually 
absorbed by the blood- With the increased interest in perfusion C3C- 
periments^ considerable attention was paid to the artificial oxygen- 
ntion of bloods 

In 18S5 Ton Frey and Gruber of Germany devised an artificial lung 
by means of wbidi aeration of the blood could be accomplished without 
interrupting the flow of blood to the region being perfused* They 
attached the piston of a syringe supplying the arterial pressure to a 
motor-driven wheel, thus creating pulsating pressure by mechanical 
means. In 1800, Jacobi devised an elaborate perfusion apparatus 
in which the blood was aerated by forcing a mixture of air and venous 
blood through a stretch of tubing at the end of which the blood 
and air were separated by means of gravitation (Belt, Smith, and 
Whipple, 1D20)* 

In 1003 T* G- Brodie, director of the research laboratories of the 
Eoyal College of Physicians in London reported that he was able 
to perfuse oji organ with the use o-f no other blood than that ob¬ 
tained from the animal itself—a considerable advantage over many 
of the types previously employed {Brodie, 11>03). 

Numerous other forms of perfusion appamtuses were devised dur¬ 
ing the first quarter of tlie twentietli century. In 1915, at Johns 
Hopkins University, D. B. Hooker devised a revolving flat disk which 
threw the blood m a thin film against tJie sides of an inverted glass 
bell jar* Also in 1915, at the University of Pennsylvania, A. N, Kich- 
ards and C* K* Drinker described a method of oxygenating hlood by 
allowing it to run through a silk curtain exposed to oxygen (Belt, 
Smith, and Whipple, 1920). 

One of the moat highly publici^ perfusion pumps of all time 
originated in the Rockefeller Institute in New York City in the early 
1030'a. According to reports, in ID30 famed aviator Qiarlea A. Lind- 
bergh went secretly to work aa a biomechanical assistant to equally 
famous biologist and Nobel prize winner Alexis Carrel (Anon-, 1935 j 
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Bsttdiff, 1036; Train, 1038). For ycare Carrel had been trying to 
keep organs aUvo for long periods so that pbjrsiologists could studv 
their reactions. 

On May 22, 1031, Lindbergh published anonymously in Science a 
brief report of an “Apparatus to Circulate Liquid under Constant 
Pressure in a Closed System” (Anon., 1031). By 1934, Carrol re¬ 
ported that a model had been deraloped "which ‘^permitted an entire 
organ to live outside the body.” Report ing their success to the world 
in 1935, Lindbergh and Carrel described some 2C different exporiments 
that had lK»n performed. Organs tlvat were successfully perfused, 
included thyroid, ovary, suprarenal, spleen, heart, and kidney (Carrel 
and Lindbergh, 1935). 

The perfusion pump, whicli was variously called “a robot heart” 
and “the glass heart" by the lay press, was described and illustrated 
by Lindbergh in the Journal of Experimental Medicine (Lindbergh, 
1933). The apparatus consisted of two portions: one, the perfusion 
pump containing the organ otid the perfusion fluid; the second, a 
dianiber for the purpose of creating and transmitting a pulsating 
gas pressure to the perfusion fluid (pi. 3, fig. 1). In a comprehensive 
review of their work, Carrel and Lindbergh reported that with the 
construction of larger pumps “we can perhaps dream of removing 
diseased organs from the body and pliicing them in the Lindbergh 
pump Bspatients are placed in a hospital. There they could be treated 
far more energetically tlian within the organism, and if cured, re¬ 
planted in the patient,” However, Carrel concluded by warning the 
overentltusiastic tlint the method was “not as yet fully developed. 
Machines are iilwajs in the process of becoming. Their progress is 
almost unlimited. Therefore, the cultivation of whole organs has 
certainly not reached its final form”* (Carrel and Lindbergh, 1938). 

In 1928, shortly before the Rockefeller Institute experiments com¬ 
menced, at the National Institute for Medical Research in Hempstead, 
England, H. H. Dale and E. H. J. Schuster devised o pnmp (called a 
double perfusion pump) with tlie idea of using it as a replacement 
for the heart in carrying on both major and minor circulations of the 
whole body. The investigators, however, reported that “the pump 
has not yet been used for its original purpose of producing a complete 
circulation in the heartless animal.” 

device, which served as the basis for many later experimental 
mechanical hearts, was designed so that two synchionously working 
pumps would theoretically carry on l»th the major and minor ciicu- 
lationB of t he body. According to Dale and Schuster, “in our esperi- 


‘A«onIlns to tbe Jtoclcetellcr Instttoto fot M^cal Itewarch. -tie LlndberBl- 
Carrel portralon apimtatu* hos not been la «« at the Instttate atnee 1038." An 
orlBlDftI model of tbt fertnalon pump riiamber Is <m exhlhitloa dt the Miuemn of 
tho lotemationiil CkslL?ge of HI, 
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ence^ as in that of other workerst the usa of the lungs for osygeiifttioti 
preserves the blood in a much more physiologivnl condition thsin do^ 
nn artirictal oxygenetor,^^ The original pump devised by Dale and 
Schuster (pL 3, fig* 1) tvas made by C* F, Pabucrj Ltd., of Englani 

In 0, S. Gibbs of Dalhousie Universityj Nova Scotia, demon¬ 
strated an artiticial heart before the Nova Scotia Institute of Science^ 
The apparatus consisted of two small rubber bellows contained in a 
round brass box, with a Ed and inlet and outlet valves at die base of 
the beEowe* It was heated by nicrome wire wound on a pyres tube 
with a car Ixattery supplying the current. With this apparatus, a com¬ 
plete hyiiass of llie heart was effected on eats for one to tiiree hours, 
but no survival was repoi1:ed (Gibbs, IMO). In 1030, at tlia rerpieat 
of E* L, Stehle of McGill University in Montreal, Canada, Gibbs 
prepiii^l a similar “artificial heart” of tlie size suitaWe for use with 
dogs; and the follow^Itig year, Stehle reported on its use on dogs (Mel¬ 
ville and Stehle, IPSl). TlTiile at the University of Georgia in 1933, 
Gibbs further reported on artificJal heart experimeuts which were 
carried out on dogs at the PhBrmakologischBs Institute in Yianna, 
Austria (Gibba, 1933). 

For years physiciaiis had been trying to find a safe w’ay Uito tlie 
human heart to operate on its walls and its valves (King, 1041; Bailey^ 
19&5). Jlost of these scientists believed that the practical answer to 
the problem was a mechamcal heart to take over and give the surgeons 
a “dry field” f roe of blood so they could see what they were doi ng. The 
only argument was on how it should be accomplished One group 
tliought the way to do it wns to make a substitute for one side (or both 
sides) of tlie heart and let the lungs do their work as usual The other 
group wanted to bypass the entire heart as well as the lungs, and add 
osygen to the blood by some artificin! means. In either instance, the 
work in perfusion, which was performed primarily so that the physi¬ 
ologist could more carefully study the isolated organs, served as a basis 
for the new experiments 

In a review of pump oxygenators to supplant the heart and lungs, 
a University of Minnesota research group (Karlson, Dennis, est¬ 
over, and Sanderson, 1951) briefly outlined some of the many ap¬ 
proaches to tlie problem. Oonuiumcing with tlie Frey and Gruber 
[>erfusi{>n oxygenator of 1SS5, which we have already discussed, they 
describe such procedures as bubbling air or osygen tlirough the con¬ 
tents of a reservoir, or puidping the gas through tubing of the per¬ 
fusion system along with tlio blood. In aitlier case, bnbble traps were 
necessary to prevent embolization. Spraying blood and oxygen to- 
getlier so that droplets of blood mix wi tli a stream of oxygen has bwn 
tried- Blood filmed upon the inner surface of a slowly rovolvuig 
cylinder or spiral, or upon a silk curtain mounted in an oi^igen at 
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luosphere, produces less foaming but is slow, and largo quandties of 
blcx)d are required. Glass plates^ stadonarj cylinders, and inverted 
truncate cones have also been used as filming surfaces^ Here the 
blood is exposed to oxygen as it runs dovni these surfaces. 

The fixEt report of a suooessf ul temporary substitution by an entirely 
mechanical apparatus for the functions of both the heart and lunge 
of an animal was made public by John H. Gibbon, Jr., of Philadelphia 
in 1930. (See pL 3, S.) Using a pump oxygenator, Gibbon was 

able to maintain the circulation of cats for periods of 2 hours and 51 
minutes* Thirteen experiments in aU were performed, and four of the 
animals lived from 1 to 9 months after the experiments without signs 
of neurulogical change. Oxygenation was achieved by &hning the 
blood on tlie inner surface of a vertical revolving cylinder (Gibbon, 
1939. 


FoDowing World War II the interest in mechanical hearts and me- 
chanical heart-lungs reached a new height, and hy 1351 there were 
more than 30 such devices that had bean huilt and tested throughout 
tlie civilised world. 

Numerous reports of progress came from Europo. In 1348, Viking 
OloT Bjork, working under Clarence Crafoord, of Sahbatsberg Hos* 
pita], Stockholm, Sweden, reported that a perfusion pump was 
employed on animals, performing the fnnetions of the heart and Jungs 
long euough to permit intraciirdiac operations (Bjork, ltl4S \ Crafootd, 
1040). The following year, Jongbloed of the PhygioJogicat Institute 
of the Univetsitj of Utrecht, Holland, announced a mechanical heart 
that was “coiisidercd ready for trial in man’' (Jongbloed, 1340). The 
apparatus consisted of a batteiy of Dale-Schuster type pumps and on 
osygeimtor of rotating spirals of plastic tubing in which the blood was 
filmed and exposed to oxygen (Jongbloed, 1951). The first artificial 
heart tliat could pump untreated blood without dtmger of clotting 
was claimed by Brull of the University de Litige, Belgium, in 1050. 

# Post-graduate Medical School 

of Ix>ndon develo^ied and described an apparatus similar to Bjdrk's 
Iieart-limg but concluded that **1116 actual results of aucli interventions 
m human beings must at present remain largely conjecture;.’^ From 
the Municipal Hospital of Kampen, Holland, C. P. Dubbelman de¬ 
scribed a hwt-lung apparatus (Duhbalman, 1951) and exrierimetita 
employing 3 cows, 13 cal ves, and 2 dogs (Dubbelmnn, 1952) ^ 

rhl^w’P BaiW f"l? 

on the amhlem »t ^ working 

on the pwblem at the ^nemann Medical College in cooperation with 

enginwrmg division of Drexel Institute of TedmLr. PhZ 
delphIilf Since 1940 (Bailey O’Neill GW^i- t ' l^biJn 

1951 ■ Ellia. 1D511 wlli An? ' ^ ’ '^'“" 1 ^ 011 , and Redondo, 

1951, Ellia, iDol). Scwel] and Glenn ot tlie Yals University School of 
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Medicine reported the successful use of an artificial heart in animals 
“to remove tJie coronary and thebesian flow from tlie right beart^ 
(Sewell and Glenn, 1951; Anon.^ 1940a). Adrian and Arthur Kan- 
trowitz of Monte^oro Hospital of New York and Cornell Uni¬ 
versity employed on animals a mechanical heart whidi consisted of a 
glass chamber and a standard roller-type pump in which “loiig-temi 
suniTals have been noted’*" (Kantrowita and Kantrowitz, 1951). Out 
of a total of 61 cats us^^ the first 53 were lost in the process of develop¬ 
ing the final technique, but the last eight all recovered from the proK 
cedure (Kantrowitz, Hurwitt^ and Enntrowitz, 1051). 

At the Mount Zion Hospital in San Francisco^ another team of re¬ 
searchers described a simple roller-type pump on which animalg “tol¬ 
erated occlusion of the cavae for periods of 46 minutes with atirvival’^ 
(Leeds, PuzJSS, and Siegel, 1951). The report further noted “opening 
and suture of the right ventricle for aliort periods was also tolerated 
with survival of the nn im^ K^ 

In Wadiington, D. C, at Georgetown University Hospital, still 
anotlier team (Broida^ FreLa, and 1952) develo[^^ a heart pump 
for substituting for either tlie right or left ventricle, “leaving the lungs 
and die opposite side of the heart to function normally.’’ At Ohio 
State University, a group (Sirab, Ellison, and Zollinger, 1950) de¬ 
scribed a heart pump in winch “animals were sustained by this appa¬ 
ratus for as long as twenty minutes with the venlriclB open . . Of 
19 dogs subjected to the procedure^ there were 5 deaths, all due, accord¬ 
ing to tlie authors, to mechanical or tischnica! failures of the apparatus. 
At Tufts College Medical School and the New England Atedical Cen¬ 
ter, Boston, still another team (Wesolowski and Welch, 1951) em¬ 
ployed a heart pump in £5 nnimol experiments in w^hich the animals’ 
own lungs were used as the means of oxygenation. Of tlic 28 animals, 
21 (75pcrOBtit) recovered. 

Other research teams who believed that the answer to success was to 
attempt a bypass of both heart and lungs, adding oxygen to the blood 
artificially, reported sirnilar successes and failures. 

Clarence Dennis and associates (Dennis, Karloon, Eder, Nelson, 
Eddy, and Sanderson, 1951; Anon., 1049b) at the University of Min¬ 
nesota employed a pump oxygenator incoqxjtatuig the oxygenation 
principle of Gibbon and the pump principle of Dale and Schuster. 
Survival in dogs subjected to intraeardiae aurgei 7 was about 50 per¬ 
cent Failure waa believed to be due to traumatic effects on the cellu¬ 
lar elements of the blood. At the University of Western Ontario, 
Canada, Bussell A Wand devised a heart-lung consisting of gloss 
fringes operated by a special cam, and a large percolator serving m 
the oxygenator, which was reported to have been used successfully on 
over 100 dogs (Waud, 1952). 
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A]so in Caniidtt, at tlie Hospital for Sick Children and at the 
Unireraity of Toronto, W. T. Mustard and A. Ij, Chute Tccommendod 
the usa of actual lung tissue os a medium for oxygenating blood in a 
heart-lung machine. Tlie use of a lung from another animal of the 
same species Tras found to be the experimental method of choice (Mua- 
tard, Chute, and Sinunons, 1953). With this biological lung they 
reported that they had their hrat survival of an experimental animal 
in March 1049 (hfustard and Chute, 1051). Gibbon and bis associates 
at the Jefferson Medical College of Philadelphia continued their ex¬ 
periments which were started in the lOSO's, The reports indicated, 
various degrees of success on dogs using a lienrtAiung machine built 
hy the Interuational Business Machines CorpoTatlon ^Stokes and 
Gibbon, 1950{ Anon., 1050; r/car, 1953; hlngel, 1953; AlilJer, Gibbon, 
and Fineberg, 196S: Miller, Gibbon, Greco, Smith, Cohn, and Ailbrit- 
ten, 195J). From the Childrens Memorial Hospital of Chicago came 
the reirort (Potts,Biker, DeBord, and Andrews, 1962) that “dogs ware 
kept alive one and one-lialf hours’^ using a heart-lung machine. Other 
centers where research on mechanical hearts and heart-lungs were car¬ 
ried on Included Cedars of Lebanon Hospital in Loa Angeles; Johns 
Hopkins University, Baltimore; TuJnne Dnivoisity School of Medi- 
cine, New Orleans; University of Lauisvilb School of iledicine, 
Ixiiiisville; and at the National Institutes of Health, Bethesda, MdJ 
The interest in the field had built up to a feverish pitch by 1951. 
Then the First reports were made public that several of these instru¬ 
ments had been used on human patients. On April 6,1951. Claience 
Uennis and his associutosat the University of hfinnesota applied their 
heart-lung machine to a ti-year-old girl who was dying from a hole 
in the wall between tlie two auricles. The mechanical heart-lung was 
employed for 40 minutes, but too much blood wos lost and the girl 
died. Even so, Dennis wrote in his report, “In spite of the tragic loss 
of the patient in question, we are inclined to feel encouraged with the 
^rformance of this apparatus” (Dennis, Sprung, Nelson, Karlson, 
Nelson. Thomas, F/der, and Yorco, 1951), 

Au^st 9,1051, A. Mario Di^liotri of the University of Torino 
Italy, performed what appears to be the first successful artificial extra- 
cardisc circulnlioii in i hnnmn (Docliotli, 19.52) Thin «t.ra 

Tr r r? Kiirtty 

of the heart during surge^ on a tumor pressing on a man’s heart It 
was not, however, used for a complete bypass. On Aiml ^ l 95 o 
laical research team at the University of Cincinnati Collet 
»f Hid the Pels RHeneh leetilute, Zniixih Collese, 

Spne^^, eeed . heert-Intgeiechi,. o„ e «.y.H.eld S 
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oxygenating the blood for 75 minute mthont apparent harmful 
effects. However, this heart-lung machine did not bypass the hearty 
but was used as an aid for reiiering cyanosis (Hekosworthy Clark, 
Kaplan, Sherman, and Largen, 1953a, b; Anon., 1952). 

During the Pallas meeting of the Ainericaa Association for 
Thoracic Surgery, May 8^10, 1052, Dodrill of Detroit, Mich., 
presented a report in which he described a mechanical heart that was 
designed, buitt^ and tested through tlse cooperative effort of a team 
of medical men headed by himself end engineera from the Besearch 
laboratories Division of the General ^fetors Corporation. Results 
of some 65 successful experiments,* which had been performed on dogs, 
including right-sided substitution, left-sided substitution, and com¬ 
plete heart bypass, were repotted, along with a description of the appa- 
ratus (Dodrill, Uib, and Gariscli, L052a). The large number of suo 
cessfid experiments in which not a single animal was reported to have 
died of infection would probably hoTo received wide acclaim and a 
good deal of attention by itself. Howevei:, before the paper appeared 
in the August 1052 issue of tlie Journal of Thoracic Surgery, an evai 
more outstanding event took place, which oversliadowed the initial 
raporL On July S, the DodrilbG&lH mechanical heart (pi. 3, Bg. 3^ and 
pi. 4, fig. 1) was used for the first successful total substitution of the 
left ventricio on a 41-year-old white male for 59 minutes during aii 
operation at Harper Hoepital in Detroit (Dodrill, Hill, and Gerisoh, 
lD52b; Hotter^ 1953). Then on October 21,1952, the same mechanical 
heart was used on a 16-year-old white boy for the first sncce^ful total 
bypass of the right heart in a human patient (Dodrill, IIHl, Gerisch, 
and Johnson, 1953). Finally, an operation was performed on an 
18-year-old girl in which the patient^s heart was completely bypassed 
(Dodrill, 1954). 

The criteria that the inedica! and engineering research group set 
up for design of the I>odril]-GMR mechanicid heart consisted of 0 
main points! 1, The machine must simulate the action of tlie human 
heart; 2, it must be smafi, compact, and of foolproof mechanical con¬ 
struction; 3, the parts of the maeliine coming into contact with the 
blood must bo readily sterilized; 4, ita pumping action must be gentle 
enough to prevent bloodn^ell breakdown, yet powerful enough to 
maintain an adequate blood pressure tliroughout the entire bexiy; 
5, the volume of donor blood used to fill the machine must be relatively 
small; 6, the machine and components must have adequate safeguards 
to insure uninterrupted functioning throughout the operation- 

As the result of the investigation of numerous types of pumps, it was 
felt that every effort should be made to evolve n design in which the 
pressure to which blood cells might he siib|ected should never esceed 


* Suiaiartea Id hV tbe Allchlgan Heflrt AstwlatlaiL 
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about half of tliat pressure wblch is considered safe. In addition, all 
passages 1hrough which the flow of blood must pass should be such 
that high Tolocities at localized points should be avoided. For this 
reason the finger cots with limited pressure action and weighted valves 
with large seats were chosen as pumping compooents. 

In order to construct a machine that could be used for small children 
as well as large adults, they decided that the capacity of the machine 
should be variable. Thus the mechanical heart was designed so that 
the operator con use only as many medianicol pump units as are neces¬ 
sary to handle the patient’s blood volume. 

Since the element of sterility is a prime necessity in any operating 
room, it is doubly important in a machine in which the blood of a 
living patient will be circulatiog. Therefore, all parts of the glass, 
steel, and rubber mechanical heart that come into direct contact with 
the blood are carefully smoothed and coated with a nonwet table sur¬ 
face to prevent blood-celI breakdown and all are easily cleaned and 
autoclaved just as ia any otlier surgical instrument. 

Tlte I>odri]l-GMR mechauical heart was designed after the Dale- 
Schuster pump (previously mentioned) and consists of two inde¬ 
pendent units, one to take the place of the right heart and the other 
to take the place of the left heart. The pumping action is obtained 
by collapsing and eixpanding latex rubber finger cota with positive 
and negotive air pressure. Collapse of the finger cota results in blood 
being drawn into the glass cylinders from the patient through inlet 
valves, wlulo expansion of the finger cots forces the blood out through 
outlet valves. (See pi, 2, fig. 2, and pi, 4, fig. 2.) 

Following its successful use, which made medical history, the Dod- 
rill-GMR mechanical heart was named one of tlie top 10 scientific 
developments of 1052 by the National Association of Science Writers 
and received the Hektocn Bronze Medal for original investigation 
awarded by the American Medical Associntioii in 1953. 

Since Dodriirssuccesful use of the mechanical heart, John H. Gib¬ 
bon, <lr., at Philadelphia's Jefferson Hospital performed the first suc¬ 
cessful operation on a human patient using a heart-hmg machine. 
On Jlay 6,1953, Gibbon operated upon an IS-year-old ^rl and closed 
a large defect in the septum between tile right and left auricles while 
the entire cardiorespiratory functions of the patient were maintained 
by the heart-lung machine for a period of 26 minutes during- the in¬ 
tracardiac operation (Gibbon, 1954). Using the Melrose helirt-lun- 
appomtiia previoiKly mentioned, Aird and colleaguea f Aird, MelrosT 
aehnd. Lgm. .n . 

Hammersmith Hospital, London, England, on December 9, 1053 “to 

' A ‘ n severe cardiac operation wliich 

F^n artificial help.” 

Even reoently at the University of Minnesota MeiUcal 
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School a father’s own lung was used in coii]‘unction with a pump 
to bypass the heart of lite 4-yeaT-old daughter during intrap 
surgoiy (Warden, C^ohen, Head, andLtllehei, lOS^; Peters, 
1054i Salisbury, 1954). Finally, in i£ay 1955, Kirklin of the 
Mayo Clinic in Rochester, Mian,, reported several successful ro- 
paira of septal dcfecte in children using a modified Gibbon machine 
(Kirklin, Du Shane, Patrick, Donald, Hetzel, Ilardibarger, and Wood, 
1955), 

Still a third procedure, called hypotliermia, is proving somewhat 
succ^ful and encouraging for intmcQrdiac operations. As early aa 
1050 a group at the University of Toronto suggested hypothermia for 
carrying out cardiac surgery (Bigelow, Lindsay, and Greenwood, 
1950; Bigelow, Callaghan, and Ilopps, i960). Normal body tem¬ 
perature is 98*6'* F.; by chilling the l^fttJent as low as i8® F., tlie whole 
life process is slowed down so that instead of only 2 or 3 minutes 
while no blood is passing through the heart, the surgeon may have as 
much as 8 minutes to work within the heart without damage to the 
brain. On September 2, 1952, F. John T^ewis and Mansur Taufic at 
the University of ilinncsota performed li successful operation on a 5- 
year-old child with an atrial septal defect using liypothermia (Lewis 
and Taufic, 1953); and between January 9 and July 9,1953, Henry 
Swan and associates at tlie University of Colorado performed opera¬ 
tions on no less than 15 patients while they were in a hypothermic 
state. In 13 of these patients, circulation was stopped for periods 
varying frotn 2 to 8^/^ minutes, and the operation was performed on the 
open heart under direct vision with only one operative death (Swan, 
Zeavin, Blount, and Virtue, 1953). 

While tiie procedures of cross circulation and h 3 rpotLerraia are sig- 
nificant advances, there is near unanimous agreement among thoracic 
surgeons that the eventual answer to the problem of open cardiac 
surgery is ihe temporary bypass of the heart using a mechanical pump 
in association with a means of oxygenation (the patients own lungs 
ar a mechamtal oxygenator). True, tlie technical difficulties have 
not yet been completely solved. Jfost mechanical hearts and/or heart- 
lungs are exi>eiisive and complex re<iuiring skilly persons to use them. 
Their use materially increases the magnitude of an operation because 
of the time required to attach the mnehine to, and later remove the 
machine from, the patient’s circulatory system. The blood of the 
patient must be heparinized and its capacity to clot must be restored 
with protamine. Hemolysis and air embolism ore hiotards in most 
of the heart-lung machines. The solutions to some of these problems 
associated with extracorporeal circulation have already been found; 
others will certainly be solved in tune to coma 

AU of tfitB wart wUt tb* mecliaiilcnl beart U la lU lufUiioy. Tte reacts 
demotwtrated to date by tbe rarloiu InrcBtlgaio™ warlclax ta tblB Held offer 
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heap? that £\eDtuall^ the heart iio^y be bjpassed for ¥4TLmia tjpes of intrAcartllae 
jirocedurea BUnd procedures to cortect intrarardlac: <U^£cd ¥al?es represent 
a j^eat step fortt'ar<J in aurgerj. Large numbers of poUents boTe been relieved 
of their symptoms by thew methods. It is pnobablep howefer* that a mticli more 
precise and exact correetltre procednre can he performed on tbese deformed talv^ 
If they can be exposed and ihf sunJnry don* under direct xialoiL There la pme- 
ticaily no aurglcai procedure carried ont In any part of the bod^p Aside from the 
hen rt, that is not under direct vision. (Dodrlii, 1BS4. J 

This 'last frontier of surgery" is now being explored^ and will un¬ 
doubtedly soon be conquered. The original Dodrill-GltR zDechnnicAl 
heart is preserved in the Snuthsoman Institution in WashingtonjD* C-t 
not only as a monument to the team that designed and employed the 
first successful apparatus of this type for the complete bypass of the 
human heart, but as a monument to the combined efforts of medical 
and engineering research in general, and in particulaT to all scientiata 
who have contributed to the exploration of tluA ^^frontier.” 

The authors are indebted to the following author Sties for their as^ 
sistance in checking the accuracy of the technical details of this article t 
Drs. F. D. Dodrili, John H* Gibbon, Jr., Erwin It Ackerknecht, and 
James Watt, and Messrs. Ernest Guy, Morris C. X^ikind, and B. V. 
Rippingiile. 
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Some Chemical Studies on Viruses' 


By Wendeix M- Stawlet 

ProfeAMor &f Bi^KhmuiTy and 
Dirtctor of ths Firm LaboTot^try 
Vnii^iity flf C^lifomUt 


DE^TxorMXNTa in the virus field during tlie past 2)0 yea^ mtiiiJy 
chomkal in natui-e, have brought the moleciLlea of the chemist ^d the 
organisms of the biologist into a new and very eloso relationship. As 
a resnltj a new dimension has been added to chemical structure, and 
new light has been thrown on that a^-old question regarding the na¬ 
ture of life itself- Because chemical studies on viruses have pro- 
grassed eo rapidly during the past few years that it would be impossible 
to do justice to present knowledge in one lecture, 1 propose to devote 
most of my time to a discufflion of the implications of this Imowledge 
to general problems involved in that very mteresting borderline region 
between the living and the nonliving worlds and to touch only lightly 
on some of the more significant relevant chemical studies on tobacco 
mosaic virus. 

Jlnnkind has undoubtedly wondered about tlie nature of the diffar- 
ence between living and nonliving things ever since the ability to think 
was acquired. We know tliat more than 2,000 years ago the no™ 
phDosopher Aristotle considered this very question, a question wmch 
everyone has undoubtedly thought about at one time or another. Kow, 
Aristotle had very little in the way of experimental results to stimulate 
his thinVl"E ^ support his canclusioriB regarding the true nature of 
Ufa Yet this rery wise man set forth a suggestion which we, today, m 
this ultrescientifie world, can hardly surpass. Over 2,0OT years 
Aristotle suggested that nature makes so gradual a transitioa from the 
animate or Uving to the inanimate or nonliving that the bound^ 
line between the two is doubtful and perhaps nonexistent. In other 
words, he suggested the idea of a continuous spectrum or organ^bon 
from the living to the nonliving, that chemical structure blends into 
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phjsiologied function. We may ask wlmt Imewledge was available at 
that time to warrant such a ^gg^estioiij and the answer is that literally 
nothing was available save the sheer power of the brain of man. At 
that time man's physical powers of observation were limited to what 
could be seen with the unaided eye. No niierosoope was available, for 
this instniment did not come on the scene until many hundreds of years 
later. Yet Aristotle, and other philosophera to foDow him, made the 
suggestion of smaller and still smaller living organisms extending to 
and literally blending with the nonliving world of metals and stones- 
It was not until 1680 when van, I^eouwenhoek invented the micro¬ 
scope that man first was enabled to see a new and hitherto unknown 
world of small living organisins. Yet even this remarkable invention, 
wliicb eventually extended man's viaion dow-n to objects about 300 mfi 
in diameter, did little immediately to stimulate man's interest in this 
new microbial world. It was almost 200 years luter before Pusteur, 
Koch, Daraine, and others proved experimentally that tliesa microbes, 
discovered by means of van Leeuwenhoek^s microscope and its succes¬ 
sors, were sctually responsible for certain mlectious diseased These 
aoJentists were extremely vigorous and very successful, for disease after 
disease was shown to result from the activities of tliose Httle living 
organisms, tlie bacteria, Tliere followed what has oome to be known 
as the “Golden Era of Bacteriology,” during wdnch the causal agents 
of many important infectious diseases were discovered. It was demon¬ 
strated that these bacteria could be grown on nonliving media and 
that they were, in truth, very small living organisms. Thus the new, 
usually accepted, borderline between tlie living and the nonliving 
worlds w^ puslied down to tlie tango of about 300 immediately 
below which there was the void of the unknown- This "v^oid, or twi¬ 
light zone, of the unknown extended dovm to the molecules of the 
chemist, or to about 10 Somewhei'o in this zone a new dimension 
was being added, either in the form of a specific relationship between 
two or more molecules or in the form of a unique type of chemical 
structure within a ^ngle giant molecule, T\Tiatever the form of tins 
new dimension, which confers the ability to reprodiice or to bring about 
replication, It la obviom m introspect that it should have been of imat 
to diemists- Yet chemists tended todisregaid tiiis import 
and mter^lj interesting field for more than 50 year^ 

The thinking of the times was auch that in 1802, when Iwanowrici a 
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tious agent, eomething we now caU a Tirus, and was willing to believe 
thot the infections agent was merely oojiipriscd of bacteria whidi had 
passed through the holes in the ttlter. This was Ids imfortuimte con¬ 
clusion despite the fact tliat he hod tested the filter many times against 
known bacteria and the filter had always retained such bacteria and 
despite the fact that ho could find no bacteria in the filtrate. Bewgni- 
tion of the discoveir of viruses was made quite independently just G 
years later by the Dutch botanist Beijertnck, who carried out similar 
experiments with the same disease. He passed the juice from macer¬ 
ated tobacco mosaic diseased plants through a bacteria-pr^f filter and 
showed that the filtrate would cause die diseaM when applied to normal 
plantSL In Addition he eUtninated the poasibility of the effect being 
caused by a toxin by showing that the juice from these filtrate-inocu¬ 
lated plants would still cause the disease after being passed through a 
second filter, and so on in a series. Beijerinck jounced that he had 
discovered a now type of infectious agent, which he designated as a 
“contagious living fluid ” If you analyze this description you will 
recognize that Beijerinck was not thinking in terns of bacteria or any¬ 
thing like bacteria, but of something new and di fferent. The use of the 
words “living*’ and “fluid” is most significant, the latter especially so 


tochemists;. i 

The same year LodHer and Froech discovered that the foot-atiU- 

mouth disease of cattle was caused by a similar filterable a^nt, and m 
1901 Heed and coworkers made the first recognition of a virus disease 
of man, that of yeUow fever. Since that time more than 300 different 
of animals, man, plants, and even bacteria have been found to 
bo caused by viruses. Among the virus-induced diseases of man are 
smallpox, poUomyolitis, measles, mumps, chicken pox, vinis pneumo¬ 
nia, oertain types of encephalitis, influenza, ferer blistets, and probably 
the common cold. Virus diseases of animals include hog cholera, catt Je 
Plague, rabies, fowlpox, Newcastle disease of chickens, distemper, and 
oerSdn benign as well as cancerous growths. Among the plant v^ 
diseases are aster yellowa, alfalfa mosaic, curly top of su^r b^ 
tomato bushy stunt, quick decline of citrus, tulip break, potato yellow 

dwarf, and peach yellows. ^ 

The earliest recognized property of the agents causing th^ dr^ 
that was used to differentiate them from bacteria, namely, their fi ter- 
ability, has come to be recognized as untenable, for some of these 
virusra will not pass filters that will permit knowm organisms to pa®. 
However, it Ims been replaced by certain other properti^ thnt are 
regarded today as diareeteristic of viruses. These ^ 

mate relationship that exists between viruses and Im^ ? 
that no virus has been grown on cell-free m^ia 
growth or reproduction viruses con mutate, the fact that most but not 
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aU virus diseases are fotlowed by a lasting luununity in recovered 
hosts, the fact that many virus-infected cells contain inclusion bodies, 
and tile fact that, as a group, viruses are smaller timn ordinary beo- 
teria. It should be emphasized that no single one of these properties 
may bo used to difTorentiate viruses from bacteria and that, despite tile 
attempted separation based on the properties just mentioned, viruses 
have noveitlieiess been generally considered as merely small ordinary 
living organisms, somorvhat similar to the bacteria. Needless to say, 
too ready acceptance of this conception delayed the chemical approach 
to the problem for several years. 

TJie facts that viruses may multiply or reproduce, tliat they may 
change or mutate and adapt themselves to new conditions, that they are 
specific in their action in that a given virus occurs or causes disease 
only in certain hosts, and that a lasting immunity follows most virus 
diseases have been used ns arguments for the living nature of viruses, 
for these properties bare been goticrally regarded as charactctislk of 
living things. For a time there were but few dissenters, and the lurga 
majority of the workers in the virus field saw no reason why viruses 
shou Id not be conslde red sinjill, in visible, living orga mams. This con¬ 
viction became even stronger witli the discovery tliat some viruses 
were actually larger than certain bseteria. However, in 1031 
Galloway and Elford reported that the virus of the foot-and-mouth 
disease of cattle was only about H to 12 ui>t in diameter, only slightly 
larger tliaii the familiar hemoglobin molecule of the chemist and 
actually considerably smaller than some of the hemocyanin protein 
molecules. Here, therefore, was a living organism Unit was smaller 
than an accepted protein molecule! Was it possible that all the 
metabolic activities usually associated with living oigauisms could 
be padted into « volume no larger than that occupied by a single 
molecule of the chemist! 


Evidence of a growing unrest and gcncrol dissatisfaction with this 
Situation becajiio noticeable in the writings of the time. This is 
readily understaudable since prior to 1935 about all that was rniUy 
Imown about viruses was tlie fact that, in general, they were smaller 
than bacteria, that they posaessed the ability to grow or reproduce 
within certain kinds of living cells, and Uiat they could mutate or 
cimnp and adapt themselves to new surroutiditigs, Practicallv 
nothing WB8 known about their basic nature. They could not be seen 
by means of the optical microscope, since, in general, they appeared 
to be BinalJer than 300 which is near the lower limit of this inatru 
™nt, ,nd Iho .iMttra mitrosOTpe l,»d not L the 

It not Wn whMhnr they wre aill snudler ordinary 1^ 
„g.nren,a or «ma typa of infea™, Then, ™ ^ 

aderahJe djacuaa.™ regani,.* their probable n«ure. Some ™nSL 
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thought thcjf were proteins j otlie-rs thought they %Tere carbohydrate in 
nature; still otlier scientists thought they were lipid or fallike; and, 
of course, the main discussion centered around the question whether 
they were living organisms or nonliving entities. 

In order to resolve this ghaotic situation it a^nicd desirable to at^ 
tempt to crmccntrate. and purify one of tUta medium-sizod Tiruses and 
lenm somotliijig about tlie nature of purified nsaterial. A.t 
time no such vims had ever bean obtained in pure fornix hence little 
or nothing wiis knoivn about the physical and chemical proj^ertioa or 
true nature of such a Titua, Needless to say, these sttiaU viruses ap¬ 
peared to be very niysterious, although today it is cscoedingly difficult 
to appreciate the early aura of mystery which surrounded them* Tlie 
virus selected for study was the one that was discovered firat^ namelyi 
tobacco intjsaic vinis, Mxtract^s of plants diseased with this virus were 
subjected to Uie ordinary methods of protein chemistry, and in 1935 
it was found that an unmumi material, which could he obtained in the 
form of long, ticedlelike crystals, seen in plate 1, figure 1, could be 
isolated from tlxesa eYtracte, 

This material was soon found to be a nucleoprotein ha’inng a particle 
or molecular weight far greater tlmn that of any known protein, 
namely, of the order of oO million. Wlien solntiotis containing only 1 
part per billion of this material were applied to normal tobacco plant^ 
it was found that these plants came down with the tobacco mosaic 
disease, and from these plants additional (luiintities of this same un- 
usua! ciystalliiinble nucleoprotein could be obtained. Tins inaterial 
was not present in extracts of normal plants- The same material was 
also obtained from otiier kinds of plants diseased with tobacM mo^ic, 
and it seemed probi^ble tlmt this material represented the infectious 
agent or vims. However, because of the fact that vlnis^ had been 
generally regarded as living organisms, there was a |>e:rsi6tent t«eiid- 
ency to doubt that this crystallizable nucleoprotein actually repr^ 
sen ted tobacco mosaic vims% There were many suggestions that this 
material was merely a pathological nucleoprotein asociated with the 
disease and tliat the true mfectioos agent or virus Wd not been isolated. 

Fortunately, methods were gradually developed by means of which 
it was possible to correlate a g^ven virus activity with a given physical 
entity, and, by means of a series of such oon.’elatjon esperimeuts, re¬ 
sults have been obtained Su the case of tobacco mosaic virus w'hich 
permit the conclusion that, beyond a reasonable doubt, the crystal- 
lizable nucleoprotein rod, 15 by 300 m/* in sli®, actually is tobacco 
tnosale virus. Thiring the past 10 years no experimental data incon¬ 
sistent with tliis conclusion have been obtained. This result indicat^ 
tliat a single molecule can carry witliin its own structure all tliat iit 
necessary to ]>redctermine reproduction or to c^use replication and 
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hence that this unique characteristic is nut dependent upon the inter¬ 
action of tu’o or more molecules in some new and unknown manner. 
This does not mean, however, that such interaction may not occur 
^rithin living ceils, but only tliat at one stage a single molecule can 
carry tlio complete message. 

A few other viruses have been purified and subjected to similar cor¬ 
relation esiieHracnts, although usually to a lesser extent than for to- 
bacco mosaic virus, and the respective characteristic particles are now 
general ly accepted as the respective viruses. These other vinises have 
been found to exist in different sikcs and shapes which are highly char- 
acteriidic in each case. Some arc pure nucleoproteins, and others are 
more com pies en tit ies. Some can be obtained in crystalline form, such 
as, for example, tomato bushy stunt virus, crystals of which are shown 
in plate 1, figure 2. Then, too, the advent of the electron microscope 
around iMtf was of the greatest importance to virus research since this 
instrument permits pictures to be taken of objects in the siac range 
of tho viniscB, namely 10 to about 300 m^ a range not covered by the 
optical inicrosoope and the range of the unknown void between tlio 
organisms of the biologist and the molccnlcs of the chemist. Al though 
information regariling iipprclimate sizes and shapes of viruses had 
been obtained earlier by indirect methods, for the first time it became 
possible really to sec the viruses. For example, the individual par¬ 
ticle or molecules that go to make up the crystals of bushy stunt 
vims u^re found by means of tJic electron microscope to be spheres 
30 nifi in diameter. ^Tie individual molecules of tobacco mosaic virus, 
seen in plate 1, figure 3, isere proved to be 15 m/* by 300 m^t, values in 
good agreement with those reached earlier by means of indirect 
methods. 

From the outset the chemical studies on tobacco mosaic virus have 
been designed primarily to elucidate the nature of the chemical struc¬ 
ture that is responsible for virus activity, Tlie virus is stable between 
about pll 2 and pH 8. In dilute alkali or on treatment with deter¬ 
gents tho protein and nuclcit; acid are split iipart and tlie activity is 
irreveraibly. In giencral, it baa been found that I lie least destruo- 
tire treatments which have rtsuUetl in separation of the nucleic acid 
have been those in which hydrogen-bond-brctikingconditions have been 
coupled with salt treatment. Each of the components of this unusual 
iiucleoprotein have been subjected to extcnalve analysis. The protein 
component comprising 91 percent of the structure wsis found to be 
composed of 16 of the amino acid building blocks common to most 
proteins. Eegardlcss of the source of Uie virus, the relaave amounts 
of Ihesc ammo acids wore constant. No D-lsomere or unusual amino 
acids were found. Lnbke sperm nudeoproteins, tobacco mosaic virus 
was found not to contam an exec® of basic amino acids. As a matter 
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of fact, this virus has a preponderance of dicarbosylic amino acids; 
hence the protein is acidic in nature. The nucleic acid, comprising 6 
liercent of the virus structure, was found to bo composed entirely of 
ribonucleic acid. Because of the acidic nature of the protein com- 
jjonent the nature of the linkage between nucleic acid and protein has 
elicited much interest. It appears likely that the gnanidino giou^ 
of arginine are so arranged as to he available for linkage to nucleic 
acid and that this arrangement is much more specilic timn similar 
linkages in the sperm nuclcoprotelns. 

\Vhen the nucleic acid is split from the virus nndcr conditions m 
which presumably only hydrogen bonds are broken, the protein com- 
IKineat can yield a homogeneous protein subunit which appears to have 
a molecular weight of about 18,000 to 20,000. It has also proved pos¬ 
sible to obtain a nucleic acid-containing degt-adation product hsv- 
ing a molecular weight of about 860,000 which, although inE^tive, 
CftH neveFtJieless se-rologiealij to ^ manner ainiUiLr to tli^^ origins 
vims and can reaggregato to fonn long rods haying the characteristic 
diameter of 16 It may also prove meaningful that a subunit 
preparation of molecolar weight about 120,000 ond having no nucleic 
acid can rcaggregate in a similar manner to form rods of 15-m#» 
diameter. This result may indicate that tlie protein alone can carry 
the specific information necessary to enable formation of a eimr- 
acteristically shaped rod. A iioninfectioua protein has been isolat^ 
from diseased plants which appears to be ^ilar to tids subunit in 
tliat it can likewise aggregate to a rod having a diaiucter of 15 Wft. 
Altliough none of these aggregation products has been found to 
possess vims activity, tlie fact that a protein can aggregate to form 
a definite and highly specific structure may prove of considerable 
importance in connection with the elacidation of chemical structure 
characteristic of this virus. Furthermore, the fact that this subumt 
appears to consist itself of about 6 to 8 sub-subunits of about 18,^ 
molecular weight provides a direct entree to structural work of im- 
iwrtance to the organic chemist, for peptide chains of that size have 
now proved susceptible of direct structural analysis and by tithesis. 

Some results of Knight and Harris in the Virus Laboratory are of 
interest in connection with structural conmderations. Th^ workers 
found that on tientment of tobacco mosaic virus with the enzyme 
carboiypeptidase about 2,600 threonine residues p« mole of virus 
were released without cauting any change in biological actmty. U 
each threonine residue is considered to represent one peptide chain 
in tlie virus, the resulting subunit would have a molecular weight 
of about 18,000. This subunit docs not appear to consiat of ^p e 
chain, having M. »iniv.tat nemher «f >'-tcnninnl ^ ^ 

does, for Mtenslvc search for Ihosa giospings b, Fmcnkcl-Comat 
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of the Vims Laboratory bos been unsuccessful. Tbe failure to Snd 
suCident N-temiinal groups to match the C-terminal groups of threO' 
nine has been interpreted by FTacnkel-Conrat to indicate the pres¬ 
ence of a cyclic structure in which the N-terminal groups are linked 
by peptide bonds to crcarbozyls of glutamic or aspartic adds. It 
is, of course, not known how important such ii structure. If it actually 
exists, may proro to be In the vims field. 

It must be remembered that Knight has found that carbojiypep* 
lldase treatment of other viruses has resulted In the release of several 
different amino acids and not, as In the case of tobacco mosaic virus, 
exclusively of threonine. In any event, considerable infomiatlon 
regarding the chemical structure of an important subunit of the 
protein component of tobacco mosaic virus has been obtained and 
tlie complete elucidation of the chemical structure of this subunit 
does not seem impossible. As indicated earlier, the nucleic acid com¬ 
ponent of tlio vims was found to consist exclusively of ribonucleic 
acid. Despite extensive investigation of this compouent, nothing 
new Or unusual has been found to date, and any interest that may 
develop in this area must await further development of nuclaic acid 
chemistry. Tobacco mosaic vims provides a unique source of a very 
pure ribonucleic acid preparation, and this material is being studied 
by u variety of newly developed techniques. Fortunately there ia 
great activity in nucleic-acid dicmistry, and it does not seem unrea¬ 
sonable to expect that important structural developments may result. 

It has been known for a long time that viruses can mutate to form 
new Strains which cause different disease manifestations. Now, one 
nmy iveU inquire as to the nature of nucleoproteins isolated from a 
given kind of host diseaBed with different straiuE of the same virus. 
As a result of an immense amount of very painstaking work, the most 
imiiortaiit and significant diflooveiy has been made that, when tolnicco 
mosaic virus mutates, the strains tliat are formed possess characteristic 
differences m chemical atruoture. In some casw there are differences 
in tho relative amounts of certain amino acids present in the virus 
straittH, and in other cases there are differences in tlio kind of amino 
acids tliat are present. Thus, sometimes, at least, mutation is nccom- 
panifid by the incorporation of a new amino acid into tlje virus stnic- 
tore. The well-known tendency for isolable mutants to form when a 
virus is^wn in an uimatural hort may result from a selection process 
due to the new environment, but it might also result from the absence 
of certain building blocks in the new host cells which forces tlie use 
of available substitute building blocks and that this results in the 
new stmiD. 


Tho Ir^onnrtiM, io .inis or Koloiiojl .otirit, 0 ,^ 
pMi, mololion 000 be most drumtio. Fct eremple, ordinary tobacco 
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mo^ic YiniB neret killa Turkish iobaoco plants, yet the J^Di strain of 
this VITUS kills every young TurkiEh tobaoco plant Tfhich it infocts. 
Viruses can mutate, and the acoompanying change in disease mani¬ 
festation ctm be escoeedingly drastic. Therefore, if a host contains a 
virus, even though a vtvy mild or latent virus, the possibility of the 
fortuation of a very virulent or even lethal virus strain always exists. 

Attempts to achieve mutation by changing the structure of tobacco 
mosaio virus by means of known chemical reactions have been made 
from time to time during the post 15 years- Altliough acetyl, carbo- 
benzoxji phenyl ureido, and chlorobenzoy! derivatives of tobaws mo* 
saic virus have been prepared and found to be biologically active, no 
heritable mutation was actdevod, for the progeny resulting from infec¬ 
tion of plants with such derivatives always consisted of ordinary to¬ 
bacco mosaic virus. It was also found that the sulfhydryl groups of 
tobacco mosaic vims could be nbolidied by treatment with iodine with¬ 
out affecting the ability to produce ordinary tobacco mosaic virus. 
Furthermore, o^q^eriments by Knight and by Fraenkel-Conrat in the 
Virus LaWratory have indicated that the removal of about 2,600 thro* 
onine residues or the addition of about 1,000 leucine residues per mole 
of tobacco mosaic virus has no apparent effect on the infectivity, tlie 
symptoms, or the nature of the progeny on infection of susceptible 
hosts w ith such dorivatives* Thts, although th^ mults indicate that 
various groups including amino acids can be added to or removed from 
the virus structure without measurably altering the biological activity, 
the fact that, in nature, structural changes do accompany the formation 
of mutant strains leads one to expect that sooner or later a structural 
change by means of a know'u chemical reaction will prove to be herit¬ 
able and hence will represent a mutation. Needles to say, this result, 
if achieved, will be of the greatest importance. 

Now, in order to place tobacco mosaic virus in proper perepectivc 
witli viruses generally, I sliould like to dose by presenting a bird's^ye 
or electron-microscope vieiv of a series of viruses having diffei^nt sizes 
and shapes* The structures shown in plates 2 and S are al 1 at the same 
magniBcation and range from the large elementaiy* bodies of vnocinia 
wurch are nround WO in eii^e down to the small piirticles of bushy 
stunt virus which are arouTid 30 m^u Thus, this series overlaps ac¬ 
cepted liring organisms at one end and approaches very closely to 
accepted pi-obein molecules at the other end and actually serves to fill in 
the void that formcriy elided between tlie organisms of the biologist 
aud the molecules of the chemist. 

In fig^ire 1 of piflte 2 are showti tlie elemenlnry bodies of vaocinift 
which occur in the vaccine used to protect a^iust sttnallpos. This 
virus is considered to be a strain of smailpox virus, and hare wc have 
an example of n mutant or altered strain of ft vinis which has been 
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found to be useful as a means of immuuizatiou agi^iiist a more viruleiit 
straj n. Tliis vi ms appears to ha^o a limiting membrane and a type of 
morphological differantiation ’which can hardly be regarded as char¬ 
acteristic of molecules* This stnicture probably represents the result 
of the interplay of many molecules* 

The virm shown aa No. 2 on plate 2 te influenza vims, which appears 
as white flufly balls of about ISO m/u This virus was responsible for 
one of the greatest outbreaks of disease wSthin the knowledge of man. 
It has been reliably estimated that appimimately 500 million people 
had influenza during the winter of 1918 and that of these about 15 
mil 1 ion died. Here in the Uii ited States alone over400,000 people died 
within 4 months during timt epidmme. In order to place this in 
proper perspective it has only to be remembered tliat our total battle¬ 
field casualties during World War I and World War H add up to 
approximately the same figure. Here, therafore, is a single virus 
disease which, in 4 months, caused as great a loss of life in this country 
os occurrod among our soldiers on the battlsiield in two great world 
wars. It is also noteworthy that in 1018 the causative agent of influ¬ 
ent was unknown, for It was not until 1032 that himiaii influenza was 
shown to be due to a virus* 


No. 3 of plate 2 is the familiar tobacco mosaic virus wliicb exists in 
the form of rods 15 by 300 Of considerable interest is the fact 
that Williams of the Vims Laboratory has shown that the rods of this 
virus ha VO a hexagonal cross section. Each rod or molecule appears 
to have a crystalline structum 

Tlie virus shown at the right (No. 4) of plate 2 is kitown 
os the latent mosaic of potato ’virus or aometvmes as the healthy 
potato ’vinis- It consists of ciystalli^nbie nucleoproteiu rods which 
am thinner and longer than those of tobacco mosaic virus. This 
virus is thought to be present in all, or almost all, of the potato plants 
grown in the United States, yet it does not cause an obvious disease and 
our pi ants ap^^ear healthy, Ilow^e ver, it is not prs^nt in potato plants 
grown in certain European countries. If the only experimental tnate- 
rial available were tiie potato plants of the United States, it would 
be most difficult, if not impossible, to prove the existence of this virus. 
Extracts from one potato plant would have no effect on a second plant 
because it would already contain the virus. It is only by virtue of the 
fact tliat potato plants without the virus are known to exist and the 
fact that this virus causes obvious disease manifestations in certain 
otlicr plants that it was possible to establish the existence of Um Intent 
mosaic of potato virus. In the absence of this information, this virus 
would bo regarded as a normal constituent of our potato plants* Now 
it m.y bl, lj»tul in any (!OMi*r«Uon of proHedin woh on the ootliro 
of Eonea or the citncer pioblem to wonder how many eimilar entitiee 
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may exist today in nature without our knowledge. This possibility, 
plus our knowledge that viruses can mutate, provide adequate reason 
to pause for thought. 

The nest viriis, shown as No. 5 on piato 3, repi^nte patticlea of the 
T, coli bacteriophage, an agent that has the ability to infect and bring 
about the lysis or solution of certain bacterial celli As bo swn, 
the particles of this virus are gperm-ahaped and, like vaccinia virus, 
appear to be distinguished by a morphological diflerentintion which 
j-nii hardly be regarded as characteristic of molecules 

The virus shown as No. 6 on plate 3 is of coiiaiderable 
Binoo it is responsible for tumors or papiUomas in rabbits whicJi, in 
certain species, have been found invariably to progress and become 
cancers. This is a amall, spherical virus about 44 tnii in diameter. 
Because the transition of the benign virus-induced tumor to the cancer 
appears to be accompanied by the disappearance of the virus as an 
infectious agent, this disease offers a most interesting experimental 

approach to the cancsr problem. , 

The virus shown na No. 7 on plate 3 is that of southern bean mosaic, 
and it is a etystalliaable nueleoprotcin having molecules 31 mfi in 

diameter. . *i 

The final vima (No. 8) shown on plate 3 is tomato bushy stunt, tne 

individual molecules of wliieh ore 30 m/i in diameter and the crystals 
of which were shown on plate 1, figure 2. 

Now, as con be seen from the virus structure shown on plates - 
and 3, the viruses close the gap which formerly exist^ betw^n the 
organisms of the biologist and the molecules of the chemist. Although 
the particles of any given virus appimr the same, the particles of 
different \druse5 greatly in size, in shape, and in 
Some are crystalliKable nucleoproteins, and others consist of particles 
containing protein, nucleic acid, lipid, and carbohydrate. Some par¬ 
ticles have properties quite consistent with those of the moieculea of 
the chemist, whervas others have a degree of morphological 
zation apparently including in some cases a membrane, and this is 
hardly consistent with the molecular world. These may, thmfori^ 
represent borderline organisms. But all the viruses, regardless of 
vast diffenmeea in structure, are tied together by virtuo of the common 
thread of vims activity. The fact that no vims Has as yet bwn grown 
in the absence of living cells must mean that they are not independent 
mctabolically but are dependent upon the nmtebolisra of host rell. 
This in turn must mean that tiiey possess the unique ability to enter 
into the metabolic ehain of events within cells and, hence, to guide 

what a cell docs. „ , 

This unique ability of viruses to direct ceUular raeta^li^ rep^ 
sente the very heart of the virus problem and undoubtedly also carries 
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the key to the nnturo of life itself and possibly tlie key to the cancer 
problem. Despite their small size the rirusos represtmt a potential 
soiiTce of information Tvhich may be for more important for mankind 
than the atom bomb or nuclear easTgy. Good health is essential for 
the full enjoyment of the blesmngs of a seemingly boundless source 
of energy, and mankind cannot have good health os long as certain 
virus diseases and cancer continue to exist. If we can but discover 
the secrets carried within tlie virus structures we will have gone a 
long way toward making the world a better place in which to live. It 
may appear amazing that Nature selected the borderline between the 
living and the noidivuig worlds to house secrete of such great impor¬ 
tance, yet sober reflection will reveal the wisdom, if not the necessity, 
for this course of action. lEeal properties of matter are but reflections 
of the degre of organization within, or the structure of, matter. Tlie 
viruses, bridging the gap between organisms and molecules, have just 
that degree of organization or chemical structure which is necessa^ 
to provide for an expression of certain necessary properties, part of 
which lie In the world generally regarded as notdiving. Certainl3' 
some viruses are siiigle molecules, and the nature of the chemical struc- 
tare charactenstic of such virus molecules is a challenging problem 
for the chemist. Some viruses appear to consist of many molecules 
interactaiig in some special manner, and tJie elucidation of this inter¬ 
action also represents a challenging problem. However, as yet there 
appears to be no dear line of division, and it is still po&ible to ogree 
with Aristotles suggestion of more than 2,000 years ago that Nature 
has made so gradual a transition from the living to the nonliving 
world that the boundary line between (he two is doubtful and perhaTy* 
none:a[isteikt« ^ 
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It IS A EEi^JtATiox to turn from the pressing problems oi our ^i 
community life to study for a while the social life of the ’ 

which is very iutenjsting and quite differout iroin our own. On y a 
small proportion of the two miUiou different kinds of inswla that 
ciist today live in communities, and of these only a few share the 
honey bee’s habit of living in a large and 

We Iniow more about the mode of life and tlie behavior of the honey 
bee than that of any other social insect, because the economic value of 
its iloney and ita wax made it worth while for man to domestm^ 
this ineeit, with the result that its activities have been kept under close 

observation for many centuries. j 

As in all other social insects, the family forms the swol unit, an 
there has been no integration alxive that level; never does one come 
across a mimbor of fumiUes associating together to fom » 
nity in the way that happens in the com of man, ® 

honey-bee colony can reach a considerable ssm, and it may como te 
contain as many as 70,000 worker bees, all of them the progeny 
one fertile female, their queen. Tim qu^u lays all 
the worbere carry out all the other work of the colony, ^he 
functioning of ihis large family is clearly impossible unless ite mem¬ 
bers are able to communicate with each other effectively, and i^ 
rcscai-chcs have aliown that teste and smell play an important role 
in the metliods of communication used by honey bees. 

BEE SCENT 

Over 50 yeare ago-in lOOl, to be exad-Frank Sladen 
that he had noticed a distinct and 

from a swarm of bees that be was putting into a hive. Ho noted. 


’ Itcprlnied by ponntwlon from Dlacorery, JanuBry 1053. 
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moreoTer, that at the sazna time many of the bees at the entrance of 
the hive wore rapidly beating their winga {this action is known as 
“fanning*’) and standing in a characteristic attitude—with the tip 
of the ahdomen raised so as to expose a portion of the mombrane 
that connects the fifth and sixth segments of ita dorsal surface, 
Sladen then took several newly killed worker bees, dissected off this 
membrane, and sliowed that this material was capable of attracting 
other bees. He thus established that the bee’s scent was associated with 
this membrane, and proweded to his final conduaion, which was that 
thescent (and not the noise of the vi brating wings, as hod hitherto been 
suppos^) iS the means of aUurement that enables a fanning bee to 
attoact its companjons and encourage them to enter the hive. 

Tlie^nt organ is exposed in other circumstances when it would 
be useful for a bee to attract ita friends. It has been noted, for 
exainple, that bees wbicli are collecting from a dish of strong suesr 
»bt,on DMiilly semt in thij wa,. Md tho fre,ua„cy „{ u* irnttag 

fhl «« P"’'?""?”' •» >»«> «“ of tl. STO.P nod 

find* tool a,™ is o,™* vari«. 

e™^l^ T ° ““ •*“ 'b.l do not scoot 

avm wi^ r“!!,^P’ '''■•reM olhor indmdoats scent 

IIECOGNITION OF COMPANIONS 

Some esporiments that shed light on tlte bee’s .h\V,t * 
membersof i\s own hi ve have been c-arried out at lir.^ ^ ^ rea>gnizc 

paratus used in tlicse eaporfmente ; TJieap- 

two small dishes which aJ^set down Jn ? includes 

Mdi dwh is suri'ounded hy an open box wh^ 1 •I'ches apart; 

The box in the center do4 scr^S aTa " windshield: 

windshield. “ pmitjon and also us an extra 

Two COlomoa of boES A nni4 I? 

tJiB pair of feeding dUes, f«m 

oxpenmeuL Il.e experimental pioc«S is L7 n 

*«iurc 13 as follows: On the first 
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day a group of 50 bees from colony A are trained to ooUect sugar 
solution from dish and the thoraces of these bees are daubed with 
whit© paint* during this day colony B is not allowed to Ily, and diah 
b is kept empty. 

On th© s©ccind day colony A is not allowed to fly EUid dish a is ©mpty, 
while fiO bees from colony B are trained to eollEtct sugar syrup from 
dish and their thoraces are marked with blue paint. 



Tistju L—Appirit\iA lor tbjc ntcrAcdoa of DOEiipanioni# Thc^ two glw duh-Ci 

■re I4trrvijn4ed by ■ brood cbimber iei>jrAied by ■ nadeiu bo*. 


As soon as the group of bees from colony B bav© been marked^ 
colony A is also allowed to fly. Both dishes are now filled with sugar 
solution. For a period all unmaTked bees coming to either dish 
are kiUed and ignored, until sunUaT numbers of the marked bees 
from both colonies are seen to 1>© foraging from their raspectire dishes. 
From this time on all unmarked newcomers are marked with the 
same two colors according to the dish that they visits but now the 
daubs of paint are put on their ahdoTnem^ so that they can be distin¬ 
guished fiDm the guides which were marked previoualy. 

When about a hundred newcomers hav© been marked ia this way 
th© experiment is stopped. At th© end of that day the two oolonlos 
of be©s are opened, and all tlia marked bees inside them are killed 
and recorded. It is then found that most of the newcomers from 
colony A haT© visited dish a, at which their hive companions foraged, 
whereas most of those from colony B went to dish 

This experiment, which r^’© have repeated at Rothamsted many 
times, has deuionstrated that when hive mates and bees from another 
colony are foraging in airoilnr numbers from nearby dishes that oon- 
tain exfictly th© same food supply, the hive mates are much more 
attractive than the strange bees, so tliat one m^ist conclude that the 
hive mates are recognized In some way. 
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In anodier experiment using the same apparatus^ bees from one 
colony TTere trained to dish o, and no bees at ftll were trained to diah i. 
Both dishes were then supplied with sugar syrup. During the nest 
2 hours 45 recruits went to dish n, but only 3 visited dish 6. Dishes o 
and i were then exchanged, and after some initial confusion the 
trained bees now proceeded to visit dish i —in otlier words;, a new dish 
on the old site. During the nest 15 minutes 9 more recruits came 
along, and all but ono of tlieso went to dish a, which the trained bees 
were no longer visiting. Thus the recruitB were not being sttxacted 
by either the sight or sound of the trained bees, Itut iy tontetAinff per- 
iaimnff to the dUh tJuti they ?iad pfeviouely wsited. The lure could 
only be bee ^enh Moreover, as dishes frequented by hive mates are 
more attractive than dishes frequented by strange be®, the bee scents 
that come from bees of different colonies must be different. 

experiments demonstmte that honey bees can recog, 
nize their companions because they possess a distinctive smeH, which 
is different from that of the honey bees of another colony. 


THE ORWtN OF THE DISTINCTlt'E ODORS 


This phenomenon of recognition offered anotlier fascinating prob- 
leiu for investigation: What is the mechanism whereby honey bees 
come to possess these distinctive odors ? Further experiments showed 
that these odora were not mherited, and these were followed by a 
series of experiments which proved that tliey derived from the food 
suppLes that had been eaten by the bees. 


Tlieso experiments were of two ynda. In the first set of experi¬ 
ments, oolomes were divided into portions; the different portions of 
eadi colony were fed with different kinds of hon#,v tt,- w. 



the same diet, came to possess the same odor. 



POOD SHARnvG 

These results in turn suggested still mote i 


-ing that the 
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mixtuTB of fooda token into any hive is evenly shared among all the 
bees in Uiat bivc. For these esperimenta, radioactive sugar prepared 
by the Radiochemical Centre at Amersham was need- The experi¬ 
mental procedure for these esperiments is quite simple. A marked 
bee is trained to collect sugar soluticm from a small glass tube, and 
when radioactive sugar is substituteid the bee proceeds to collect the 
ittdioactivo syrup quite happily. The beo now carrying its fill of 
radioactive sugar returns to the Mve^ and what happens to that 
“labeled” sugar after it enteTS the hive can be followed with com¬ 
parative ease. Every bee that receives some of the radioactive sugar 
can be spotted by means of a Geiger counter. By collecting a sample 
of bees from the hive one can discover what proportion of the colony 
has acquired some of the mtlioactive sugar, and by taking periodical 
samples it becomes possible to find out the rate at which the sugar 
is being distributed through tho colony- Some striking resalts have 
already been obtained in tJiis way, and published. Other experiments, 
which promise to give even more exciting results, are still in pn^ress. 
We now know that one stomachf ul of radioacti ve sugar can bo shared 
among almost all tho bees in a large colony, Tlie experiments with 
radioactive sugar have also indicated that this sharing is a random 
affair; tlie sugar is passed on irrespective of the recipient's age or of 
its occupation. 

These facta about the food-sliaring habit help to explain the results 
of tlie Held experiments on bees’ scent. Tlie floral nectars and pollens 
brought into any colony* contain the different and distinctive scents of 
the different flowers from ivliich they come. When those foods have 
been digested, derivatives of those chemicals that acconnt for the vari¬ 
ous floral scents accnmulatc in the scent glands of the bees, and because 
each bee in that colony has received a more or lees equal share of each 
and every item of food roaching tlw liive, each bee will produce a simi¬ 
lar scent. 

THE DIFFERENT FOOD SUPPLIES OF KEIGHBORINC COLONIES 

Tlie food'Sharing siperiments sliowed how the bees in any one colony 
come to share tlie same foods, and so to produce the same odor, but this 
is only one O'f the conditions necessary before the food-derived odors 
will enable the bees to distinguish between the scent of their com¬ 
panions and that of tlie honey bees of other colonies. 

Of equal importance, tlie bees of different colonics must obtain 
different mixtures of foods. WHiy should this happen, even if the 
colonies happen to bo living in tlie same apioiy 1 

In each colony many thousands of bees are collecting food supplies, 
and if these bees foraged quite indepeiidantly neighboring colonies 
would obtain almost identical mixtures. However, the well-known 
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djBcoverie& of Prof. Kor! voa Friscli have explained ^'hy this does not 
happen. He proved that successful foragers, returning to their hive, 
give samples of their booty to their hive mates so that they may know 
what scented food they should search for, and imtnediately afterward 
the foragers perform a dance which tells their lui'e mates the direction 
and distance away f rom the hive to the mop. 

Von Friscli a students have shown that this message system is so 
widespread that bees seldom need to find new crops for themselves j 
nearly all of them collect from crops that they have been told about. 
In consequence, the colony, not the individual bee, becomes the forag¬ 
ing unit, find neighboring colonies usually gather quite dlderent pro¬ 
portions of the various kinds of nectar and pollen that are available 
to them. 

Thus, by food sharing between forager and recruit different colonies 
cxiUect different food supplies, and by food sharing between all the 
bees of each colony tliose supplies aro so evenly distributed that the 
bees of each colony produce tlie distinctive odor that enables them 
to recognism one another. 


THE USE OF the DiSTINfrrrVE ODORS 

In nature one does not expect complex mechaniama to he preserved 
unless they aro of some advantage to the animals that possess them, 
so it IS legitimute to ask wliat use the honey-bee community mahes 
of its distinctive odor. What advantage, if any, does the h^ey bee 
gain from its ability to recognize companions? If one bee meets 
another beo on a flower, it is doubtful whether either would obtain 
any advantage from being able to recognize tile other as a hive mate; 
it seems highly improbable that tlie distinctive odors have evolved 
and been perpetuated because they were of use in tliis situation. 

But there is one circumstance in which tiie recognition of hive mates 
is of gi^t value to bees. At those times of the year when thero are 
insufRcient dowers to provide all the bees with food, Uiey often try 
to steal the honey Uiut is stored away in the honeycombs of other 
^lo™ In such conditions the ability to recognize hive mates and 
to distinguish them from all other honey hoes will enable the colony 
to defend itself ngniiiat attempts at robbery by members of other 

1 lowever, the honey-bee community does not defend itself by attack 
ing evety invader timt docs not possess the community odor 
Strangers are only attacked in certain circumstances. In order to' 
mvestJgate tho^ circunisUiices, two coloniea of differently colored 

a). Wtangoodaippii* ot .iSS 
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PLATE I 



RctLimrd fotagcru fahciEng pdcf tccnt^E on lJi<f l»aFii pF thdj hfcVc. (FliolCJbfraph 

by Gunter O^DerE,) 






Rliibiradj 


PLATE 2 



\ queen W wills her sue mb ill wyrttri. (Phtnc^i^nt^h hy R„ V. Roltcrt*,) 
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to enter the st»H.ge colony, hut when u^tar ™ the 
strangers were attacked and thrown out, often being killed in the 

' In further experiinents, carried out at the end of the season when 
no nectar coaid be collected, bees from one of the two ooloniea were 
trained to visit dishes filled with sugar solutioi^but no was 

made available to bees from tho other colony. Wien this happenwl 
I found that the colony whose foragers were collecting syrnp would 
tolerate strangers from the other colony, although these inti^ders 
went into it without food; on tlio other band, the colony ftat was 
not foraging attacked strangers even if they were c^ ii^ full loads 
of rich sugar solution. This exiJeriment showed that the chance of 



Ficumr 1-C^tinity Two hJT« plwcd losethw, dwlr 

in^ Empiy b«c ia W of ihc hl«. t*c«« d..d 

or injured bee*, 

successful entry was determined by the beha^or of the b^ in the 
colony which the intruder tried to enter. The fact ^at 
occurs when foragers are not otherwise employed and that colonies 
are mostly guarded by unemployed foragers makes tbm result under- 

The production of a common and distinctive odor, which enables 
die colony to defend itself against members of other 
munities, is a very important oonsecpieuce of the ^btt of food 
and it must haS provided an important stalus for the ev^on 
of this habit-better sharing means better defense, and so a^te 
likelihood that the community will be able to survive and to perpe 
itfikind. 

0-23 


STOflSO—Bl 













I the key role in the system of communication which enables 
>rager to loam about m)i table croiis, in that the new rccniita 
always roceire a sample of the crop the colony 13 working 5 their first 
Bight becomes a search for n crop with a Eimilar scenL TIio food- 
diaring habit enables the worker bees in the colony to be appraised 
of the presence of their queen i a substance derived from her body 
is conveyed frmi bee to bee b the shared food, and in the event of 
any deficiency m that substance they take steps to rear another queen 
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seen tow food sharing ia associated with tte production 
ujL vii^Lixictive odors, and so witJi tte recognition of companions and 
with tte defense of the community* It can thus be appreciated that 
food sharing serves, indit^tly, os a means of oomnuinication between 
the membera of the colony* This is one of the most mteresting aspects 
of food sharing, but this habit has other uses connected with com- 
municationj which are e^[iiaDy important* 
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In addition, it probably help® to eosure an effective vision of 
labor in the colony, which has to be so integrated that a suitable pro¬ 
portion of the worker poptilation carries out each of the various tasfe 
necessary for the maintenance of Llie colony^ Evidence of this attri¬ 
bute of food sharing is now accumulating* There are, for esampie, 
the observations of Dr, Martin Lindauer, who studied liow tite activ-^ 
Ities of bees engaged in collating water are regulated to suit the 
colony’s need for water; when much water is retjuired, the coUectora 
are able to give up their loads as soon as they reach the hive, but whan 
the need diminishes they cannot dispose of their load so quickly, and 
then they do not go out of Uie hive to collect any more. 

Mora and more facts are being accumulated which support the 
view that food sharing is the basU of communication in the honey 
bee colony, and since communication is the essence of social life it 
13 to be expected that food sharing wiU receive more and more atten¬ 
tion from the research workers who study the life of the honey bee. 
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The Army Ants 


By T. C. SCHNEtfiLA 

iljnerif^ Aftjjeciin &f N^itttrai Huf^/y 


[WItb a platefll 

The DoRYLmES, one of the eight major subfamilies of ants, range 
tJiroughout the Tropics and sub-Troptes of the world. Tliey iisive 
surTiYed very Euccessfully from early Tertiary times, or at least (HJ 
million years, on tho basis of the nntqne combination of a nomadic 
behavior pattern with a fully carnivorous way of life. All that we 
now know about these ants and their relatives suppoiis Wheeler’s 
flfil3) surmise tliat an exclusively carnivorous diet could not have 
persisted together with a fixed nest unless cxilonios were to become 
very smalt. In the iKmcrine and myrmecine subfamilies, which pre* 
sumably ore direct odshoots of the dory 11 tie ancestor, a largely car- 
mvorous diet is widely characteristic as arc fixed nests, but in species 
following tins pattern small colonies are tho rule (Haskins, 1951). 
But in doryline evolution the problem of large colonics and a car¬ 
nivorous diet has been solved through a nomadic pattern of existence. 

The dory lines liavo an impressivo reputation of long standing as 
marauding insects, typified by Wlieeler’s (1913) characterisation of 
them 03 “the Huns and Tartars of the insect world.” General de¬ 
scriptions of Uieir interesting temporary nests or “bivouacs” were 
avail able in the earlier literature, and from the observations of Savage 
(1849) and VossgIct (1905) in particular on the African species of 
jyaryiui (Anomma) and of Sumichrast (18C3), Bolt (1874), Muller 
(1866), Bates (IS63), and others on thcJfew iVorld ecitons, it seemed 
that in all probability the nomadic way of life must characterize the 
entire subf amily, 

Beading this literature in 1930, !is a psychologist interested in prob¬ 
lems of "instinct,’' I once struck by the impressive breadth 

of the Eeii^ problem and by the fact that no real solution bad been 
found. On preliminary consideration, the prevalent liypotJiesis of 
food exhaustion (Vosseler, 1906) seemed doubtful to me as an ex- 
planaUon of nomadism in these ants, yet no good alternati ve presented 

379 




3S0 AjrNUAL REPORT SMTTHSONIAN tSSTITUTTON, 1955 

itself in the literaturti. This problem seemed to represent an ex¬ 
cel lent opportunity for studying “instinct" in a social inse^ and I had 
been looking for a widespread group pattern evidently influenced in 
fundamentfll ways by hereditary mechanisms. 

Because Bano Colorado Island, the Smithsonian Institution’s 
Canal Zone Biological Area, is a relatively luidirturbed area of 
tropical forest in which representative Central Americnn forma such 
as amiy ants are accessible for investigation, tliia situation afforded 
the beat opportunity for carrying out basic phases of the research. 
In 1032, in my first investigation (Schueirla, lf>33) on the Island, tbs 
phenomenon was appraised and a tentative solution was formulated. 
Tills was strengthcnecl into a theory in three subsequent investigations 
ou the Island (Sclmeirla, l&aS). Now, after completion of eight 
investigations on tiie Island with other studies elsewhere in Central 
America {Schueirla, 1D49} Schueirla and Brown, 1950, 1952}, it is 
possible to offer a systematic account and interpretation of the lie- 
havior and bJologicnl characteristics holding not only for the ter¬ 
restrial species of Ecitm on which these studies have concentrated but 
probably to on appreciable extent for dory lines in general. 

Gradually, through this work, <in appreciation doveloi>cd of what 
the “instinct” problem entails for one who would investigate it in the 
natural situation. Tlio term, after all, is just a word repieatnting our 
concept for a behavior phenomenon characteristic of the species; 
“adaptive” in that it fundamentally benefits species survival, and 
somehow basically dependent upon the genetic nature of the insects 
tlicmsclves. But. the solution of a behavior pattern such as the raid¬ 
ing and nomadism of army ants as a complex ^'Stem of activity, and 
nn understandiug of its hereditary biisis {in this case what has kept 
the pattern predominantly in operation in this subfamily of ants 
for more than G5 miliiort years) is not likely to fall readily into our 
hands. Kather it requires us to investignto the entire way of life 
of llic aninml, both in its behavioral or psychological and ite biologi¬ 
cal aspects. This is a suggestion of the problem I have pursued with 
the army ants os tuateriQ] and Burro Colorado Island as base. 

Pmbnbly more than one-tenth of the more than 140 species known 
for the three genera wliich constitute almost all of the tropical Ameri- 
c«ii dorylines arc represented by colonies on the Islfiud. Some ten of 
these species are encountered with considerable frequency, particularly 
the terrestrial {Et^ton) species, E. i/timhelit and E. hamatum. 

Tlicse species are correctly termed “terxestriid” in that their daily 
raids are predominantly earned out and their temporaiy nests are 
tj^jically situated on the surface of the ground or even in tlic vegeta¬ 
tion. Studying them, we le^n something of the characteristics of less 
accessible subterranean species os well. 
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The Gei-man term *"Wandi^rumeisen-' eTaphasim the immiDg life 
which the eel tons lead. The branching columns of species like Eciton 
(E) hamut^m and £^*7™ {B.) cra^mc^ms and the swarm or colmim 
of Eciton (E^) iurch^li and Eciton {Lahidm} pro^dotor are fre¬ 
quently encoimteted in the forests of the Islandi and one may be sure 
tile onta issue from a temporary colony ^bivouac^’ soitiewhcte in the 
general vicinity* But hiding colony headquarters is never an easy 
matter. Witlioiit observing the correct dues one may follow the 
column in the wrong direutionf away from the home site, a mistake 
easily made in tlie afternoon particularly. Even if by dint of sharp 
eyesight, some agility, and some luck we are able to follow tlic column 
in the correct direction, it is i>03sibk under certain conditions to 
pass tlie actual bivouac without noting any signs of its presence^ 
The ordinary task of colmnn-folio wing is made interestingly more 
difficult by the fact tliat each species—the golden-yellow hamatum^ 
the darkish-brown &urtfAtf^/t,thei^jddish-blackpra^^a/ar|^ and others— 
in its own way is color-camouflaged and mer^ readily witli ground 
colors in the typically dim light of the forosfv The cour^ usually 
is a rough one: through tangled mosses of vines with prickly palms 
ns occasional hazards, wild pineapple thickets and a variety of natural 
mazes formed around fallen treeSj up and down steep ravine bfuiks 
and across elevated bridges formed by lmna% the ormy anta go readily 
but not always the human investigator. The main center of raiding 
and hence the base columns ruu most frequently througli the heaviest 
growth. There the living prey is must plentiful, and so it is there 
the advance raiders turn most midily in mponse to movement and 
odors from their insect booty, and it is there the human investigator 
must go if he would follow them. 

We find Eciton colonies by hiking the trails to intersect the raiding 
lines, tlien by tracking dow n the colony hose by following the columnsp 
This means that the trail system of the Island has been an indispen¬ 
sable asset to searching for and studying Eciton colonies in a system¬ 
atic way. Almost without e:vccption even our short-term studies of 
ecitons must witli the bivouac, and almost the only way to find 
this home site is to follow in the raiding columns. In otlier parts of the 
Tropics, where trails and roads ten d to run outside the forest by human 
prefetence, one follows the at ream bods in survey work, and the going 
is considerably slower. In a one-man investigation of 0 months on the 
Island in the dry season of 1046 (Schneirla, 104D), I worked with 
30 colonies of hamotum and nearly 20 of hurchelJi^ studying two 
colonies continuously for more than 4 months, and other colonies 
over shorter intervals—a schedule hardly feasible in a forest other 
than that of Barro Colorado Island lacking a central system of trails. 
The techniques of finding and working with army ants depend upon 
these basic paths first of all 
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A major beWioral ami biological problem in this iiiTostigation 
has iKcn the nature, faa^ and adaptive properti® of tliat moat 
peculiar of insect neats, the Emton bivouac. As mentioned before, 
Eoiton hamaitiiTt and buTckelli may be properly termed “terr^rial” 
species because their raiding and tlveir bivouacking are carrirf out 
mainly above ground. Without any active eicavating and ivitliout 
any manipulating of fallen materials, colonies of these species form 
a domicile with their own bodies. A typical bivouac of EHton 
hamatum is shown in plate 1, upper, a cylindri^ mass hanging as 
most of tliem do from tho underside of some projecting surface to tha 
ground. In addition to tho sides or under surface of lo^ other 
typical places are the spaces between buttressed tree roots, masses of 
bruah, or even tho undercut banks of stieam beds or the ovorhanging 
edge of a rock. In the ‘hiomadic” phase of its activity cycle, a colony 
in these specie formH a new bivouac of this kind each evening, some¬ 
where in the outlying area of the day a raid, and these tend to be open 
clusters similar to the one leprasentei 

The characteristic EHttm ability to cluster their bodies, as well as 
the manner of clustering, depends first of all upon an anatomical char¬ 
acteristic^ tho opposed recurved hooks present on the terminal tarsal 
segments of tlie worker’s legs. These hooks may be seen in plate 1, 
lower, and figure 1. The first ante to settle in a new place catch into 
a rough or soft surface by means of their tarsal bools, or rather are 
pulled into this anchored position as newcomers run upon them as 
they stand and stretch them out in a hanging position. In fact the 
hooks are really anchored by tho added weight of others that have 
crawled down over the body of the first ant, fixing it in place and soon 
immobilizing it. 

In the nomadic phase a new bivouac cluster is formed at the end 
of each further day of raiding, and this is a most interesting event 
to watch. In the advanced and most complicated stages of raiding 
in the afternoon, caches of booty tend to bo formed at each bu^ junc¬ 
tion of raiding trails, increasing in size as more and more ante are 
knocked areimd and forced out of traffic. As darkness comes and 
raiding ceases, such dusters grow. Events become increasingly oom- 
plea at these places as on exodus develops from the old bivouac, aud 
the crowding and complications of traffic, with the tendency to stop 
and cluster when progress is impeded in darkness, ocoount for the 
starting of Itanfjpng dusters from elevated ceilings near such places, 
generally at several of tliem before one nears completion as the new 
bivouac. As each new cluster begins, the initial slender hanging 
threads may become ropes which extend to the ground, depending 
upon a continued flow of traffic to the place. As the ropes continue 
to grow they are joined together into a single columnar moss. At 
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first tliis mass is small In diameter, bat as more and more ante pour 
into it the wall spreads outward from the center, and so a symmetrical 
cylinder results. Since Sciton birouaca typically from the top 
downward, first in hanging ropes, then joined together as they increase 
in length, the diameter tends to bo largest at the top, and the mass 
visually tapers inward toward the bottonL E, in which the 

workers seem to be stronger in tlveir bivouacking prooefflea, can form 
taller bivouacs from a surface to the ground, or pouches when the 
clusters form higher up. I have Been bivouacs of this species at 
heights of 20 meters or more from the ground, as in the hollows of 
great trees. The more frequent forming of elevated bivouacs by 
burchelU than by may be due to the fact that the fonner 

species extends its raiding masses into trees in fer larger nunibers 
and more frequently than does hamtUwik. 

The ecology of the EHtm bivouac is a mmples and devious prob¬ 
lem. We have tried to understand why Eciton bivouacs, seen in the 
daytime, generally are found with appreciable overhead shelly, in 
places less exposed to sunlight and more humid than elsewhere in the 
genera] environment. The answer does not seem to be that the first 
ants to cluster have hit upon a good sits through direct sensory dis- 
criminatiem of atmospheric differences. At tho time when the dusters 
are actually forming in the evening, "variouB places in the general forest 
have an equal and minimal illumlnaticm and are nearly alii® in their 
temperature and humidity. Investigation of the process leads us 
to the conclusion that the optimal character of the bivouac is achieved 
accidentally and indirectly. This is suggested by the fact that the 
bivoua*^ are formed near trail junctions, which are estebliahed under 
daylight conditions, when environmental differences in light and dry¬ 
ness have some effect upon tlia behavior of the ants, causing them to 
avoid places of extreme stimulation. Also, the bivouacs typically 
hang from elevated surfaces, which are likely to afford some protec¬ 
tion to the cluster when it is exposed to the general environment on 
the following dlay. 

The interior of the bivouac, where the brood is sheltered and the 
single colony queen rests, offers an impressively stable environment 
to these more susceptible members of the community as well os a 
oantral resting place for the w’orker population. The hanging cluster 
traps a cubic area of atinosphere which does not reach the extremes 
of temperature and diyness attained by the generiil forest environ¬ 
ment, but in general is somewhat cooler and drier at night and some¬ 
what warmer and more humid during the day. Tliis result is achieir'ed 
rather indirectly, on the whole, although mainly as a result of worker 
behavior. The indirect ness may be suggested first of all by the fa^ 
that, when resting, workers cluster more closely together at night m 
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reaction to the lower tempemtures of the forest at that time, the 
biToumc walls become tighter and better conserve heat prodnoed in- 
teraftUy (by the brood in pasrticular). Conversely^ after dawn, when 
increasing light excites growing mimbers of ants to leave the bivouac 
walls, as the raid grovra, this wall thins out, usually develops small 
apertures, and is undercut at the bottom- The effect is to increase 
the internal air circulation as well as to cool the atmosphere in the 
interior through evaporation so that the Internal temperature of the 
bivouac does not rise to the height reached by midday in the environs- 
The incubation properties of the bivouac, represent an important 
factor in Editm life, for with less regular atmospheric conditions in 
the nest, the stages of brood development could not have their typical 
regularity in timing. More than a limited irregularity in these bio¬ 
logical processes would surely have important distorting effects in 
the Eciton activity cycle* 

An Edtcn colony is a complex organization that contains in its 
regular membership not only a fertile queen and a great horde of 
neuter females or workers, but also an immense brood of developing 
individuals (usually all workers), and in addition many non-insect 
guests or *^ecitophiles’^ (beetles and others) ranging to parasitic forma 
The workers, which carry ou the raiding and other labors of the 

colony, mate up most of the social unit and may number into soma 
hundreds of tliousands as in the case of Edt^n l^urchdlL Colonies of 
Ecfton hamatum usually are much smaller than tJiose of burchdli^ 
and probably average not much more than 16I),(K)0 workers. In 
strictly subterranean species, Budi as EcUon praedai&r and E^it&n 
the populations seem to l>e larger on the whole, Judging 
especially from the durations of the emigrations. 

A population component of great importance in Emt&n life is the 
brood, which is always present at some stage of development in any 
functional colony. Without their broods, these colonies cannot exist 
very long. Throughout the year, at fairly regular intervals, the 
population of the colony is increased by the emergence of successive 
great new broods, which virtually always consist entirely of workers^ 
In the case of Eint-^ hcm^him we have counted more than 40,000 
individuals in a single all-worker brood, probably the typical brood 
size for that species. Single broods of Ecit&n hurcheUi are much 
larger, approaching twice the size of those of kmuitum. 

Of coum the colonies do not continue to grow indefinitely by the 
additiOD of new' broodSn There are at least two measures of popula¬ 
tion control exerted in the normal environment: one, losses involved 
in the daily raiding forays, in which great numbers of workers are 
lost in combat with insects whose nests are pillaged; the other, nat¬ 
ural Imzards such as exposure to environmental extremes, particularly 
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in tiie dry seuiSon. The result ts tlmt on tlio wliole, during most of the 
year, the majority of colonies do not change greatly in size, tiolwith* 
standing the regular addition of large worker increments from new 
broods. 

There is one major departure from Uie annual series of all-worker 
broods. In the lost months of the rainy season, evidently a time of 
exceptional plenty for most colonies of army ants, many ISditm col¬ 
onies seem to increoBe their colony populations very appreciably. 
There often follows a further exceptional occurrence, namely, the 
production of n bisexual brood consisting of a great many males and 
a very few queen individuals. Such broods occur most frequently in 
the first third of the diy season. Through an intricate process which 
we have studied in some detail, production of the sexual brood leads 
to a two-way division of the colony, another process of importance in 
population control. 



FifiuiE Lt — Rrprewouitlvc workut* fn>m ttiic populatiwi serai of ifl feilM ianiiliim colony. 
Diferenns in ^snditnictun: ihrough the|wpwt«»n *re i<epKsml:e^ htte by in>livtdiisli 
»rbitr 4 rUy Klccted from the minim snd nujor extreme* *nd tie intervetuag 20-|ieroeniile 
points. Body Icagthi: minim worker, 2.9 mm.; msjor worker, 95 mm. 

The edtonsexhibit in an outstandingly regular way that import^t 
social characterktic, polymorphifflii—tJie occurrence of morphological 
difTereucea through a population of one sex, in this cose the female 
The workers present differeuccs in both fflze and form. The 
ma in differences are shown in figuro 1. The worker series from the 
largest through the intermediate to the smallest sixo is not a broken 
series of radically different types but a smooth and gradual one on the 
whole. The five worker types of Eciton hfumtvm shown in the figure 
represent arbitrary steps in a regular series ranging from the smallest 
or minim workers (about 2.9 inm, in length) to the largest or major 
workers (about 12 mm. in length). The largest workerahave dispr(> 
portion ataly large heads and anterior bodies, on anatomical peculi¬ 
arity which ends, as In a burst of glory, with the enormous head and 
mandibles of the major workers. These individiials are character¬ 
ized by their huge sickle-shaped mandibles and by the great strengtli 
which c an be exerted in cltsing and holding them shut. The jaws, 
together with the stings and poison glands, make the major workers 
formidable foM of any intruders into bivouacs or raids. 
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It seems probable that the entire membership of any Eoiton all¬ 
worker brood !s the product of fertilised eggs of oescntially equiTalfint 
genetic constitution and that the principal difference in the conations 
of their development depends upon the amount of food received. 
Statistical evidence ia available indicating a different grovrth rate for 
the larvae of minim, intermediate, and major workers. It would 
up^>ear that the differences arc establLshed very early, end probably 
depend first of all upon the order in which the eggs are laid, with 
tlie first-laid eggs having an initial mlvantagB wldch ia thereafter 
maintained to produce major-worker types, tlioao laid Inter in Uw 
series a disadvantage resulting in successively smaller casteg. Major 
workers are the first to mature as larvae and to spin their cocoons 
and first to emerge from their cocoons os mature pupae, with degre^ 
of difference to tlie extreme of the minim workers, which are last in 
these respects in both hamaiiutii and burohelU, In the development of 
an EdUm all-worker brood there appears to be a trend toward an 
eitreme emphasis on nnderfeeding, since the typical curve of body- 
length variations in the brood population ia skewed somewhat toward 
the smallest aiies. The conditions that influence brood development 
normally appear to bo closely similar for successive worker broods in 
the same colony or for worker broods of different colonies, judged from 
our population studies on broods and adult populations. 

It is very probable that the emergence of the major-worker type 
IS a strategically important factor which made possible the evolution 
of these EdUm species as terrestrial forms. In the deep forest en- 
vironment that evidently prevailed tliroughout tropical America in 
late Jurassic times, a condition very probably congenial to the evolu¬ 
tion of Burface-living social insects, there also existed vertebrates like 
the anteateis and the coatis in particular which might have curbed 
this emergence of the Edi&iU except for the appearance of on effective 
protective measure such as the major workers. Antoateirs, and pai> 
ticularly the terrestrially and arboreally active tamanduas, are very 
numerous in the Bano Colorado forest, yet never have I seen one of 
them molesting an EdWa bivouac, The large and delicate brood 
inside the exposed tcmporaiy Edton nest would be a very palatable 
find for tlie tamanduas and no doubt for the coatis also, were it not 
for these major workers with their formidable bites and stings. 

Notwithstanding their effective equipment, the majors, because of 
their cluto^ overmzed foreparts and unwieldy mandibles, play a minor 
role in the normal work of raiding. As they trudge the trails, they 
arc characteristically shunted to the side by the more agile travelers 
of smaller castes. Thcee last, and particularly the intermediate 
workers, are the normal killers of prey and carriers of booty. Far 
from accompanying as “officers,'’ as Belt (18T4) thought, and direct 
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ing traffic, the major workera often stand around or blunder in tho 
paths of others- But although their function in traffic appears to bo 
mainly negative and indirect rather tlian specsticallj directive, it is 
an important function, since collisions and traffic blocks incidentally 
play a contributory role in the development of Eci£^!t raids and the 
emigrationg which occur iis their senuelsi Although the major 
"workers never are seen carrying anythingj the submajors normally 
carry larger booty objects, and are particularly effective in carrying 
the large male larvae when these are present in tli© colony. On th<5 
%vhole, booty objects are carried, roughly, in relation to siae by the 
workers, witli die smallest burdens carrieci by the minim workers* 
Workers, major and submajor, as well as tlia largest intermediates, 
play a particularly ueefiil role in tlie construction and maintenEmce of 
the bivouac. Because of tlieir long legs and well-developed tarsal 
hooks, tliGse individuals become strong parts of the substructure in the 
temporary nest, and normally can hold together mider external dis¬ 
turbances such as wind or riuti. 

I t IS plain tiiat pol^^^morphic difFei'cnocs in the worker sen eg 

account for a corresponding relative specialisation as in many other 
ants. The intermediate workerg are prominent in activities outside 
tlie bivouac and do the bulk of tlio effective raiding* Because of their 
size, rnodernto proportions, and agility they are better suited for 
ferreting out, attacking, and tmnsixjrting booty, and laying down 
cheitiical traib and traveling ou them through varied and difficult 
terrain, than are the largest and smallest cast^. Oa the other liand, 
the nunorg are an asset in transporting and feeding tiio brood, 

parlicularly w beti it is m tlie egg and earliest larval sta^. Wl\^u a 
colony has a brood of eggs or very young larvae, tliese generally are 
found in largo boluseg in the center of the bivouac, surrounded and 
pomioated by minim %vorkei"s. So those diminutiva workers, which 
presumably received the least amount of food and wore most stunted 
of all in their own larval brood, come into their own as mature workers 
through being physically best suited for the early transport and feed¬ 
ing of tlie young bruod, a function of critical importance in colony life. 

The pillaging activities of the dorylines mark them as a unique 
subfamily among ants — one w^ith a constant predatory challenge to 
tlie onviroiunent- Two principal types of raiding pattern ai*c found, 
exemplifiGd by the column-raiding Eciton fiomalitm and the sw'arm- 
raiding hurcA&Ui^ and apparently expressed in degrees of difference 
througli tlie dory lines. The most an-esting and dramatic raids are 
those of the swarms tliat are formed daily by colonies 

(fig^ The burcAelH forft}'^ grow ranch larger thrm the somewhat 
simiJor ma^ raids of pr^^da/ory and cause far more commotion in 
the forest. 
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For an Eeiton huraheUi raid noariitg the height of its deFelopment 
in awarming, picture a rectangular bodj of ID meters or more u width 
and 1 to 2 metei's m depth, made up of man; tens of thousands of 
scurrying reddidi-black individuals, which as a mass manages to 
more broadside ahead in a fnirty direct path. Wlten it starts to 
develop at dawn, tile foray at fii'st hue no particular direction, but in 
tlie course of time one section nctjuires a direction through a more 
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2 —DUgram of an firifiMt hitnhcni nonudk-pbuM 11 «. to,, *fttt about fi« 

hwj« of nidutg. 1, Swarm {now Jm>ro»maw1y 70 matt, from the bivouac and about 
15 mcien witfch Pa, pi^dopodie aivirwe oolumq; 2, farhahaped ai^ of qgiuolidaiHon 
J, prmopal (the alicmativt column diaapp«*,cd withb, the fbl Wow 

hour); the bivouac, withw a hollow log; 3. rcmaiMof largt fa||e„ u«, ^apot ibw^ghly 

rait^ by tlie twann about 2 houn prcviou Jyj 6, a loUwann «a=nily formed by divkkm 
cif tK maifi iwanne * 
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rftpid of its memberB uiid soon dniins in tlie oth<3r radial 

expanaiona. Tliereafter thifi growing mass bolds its initial direction 
in an approximatje maimer through the pret^re of ants arriving in 
rear oolnmns from the direction of the biTouac. Tlie steady advance 
in a prindpal direction, usually ’irith not more than 15^ deviation to 
either side, indicates a considerable degree of internal or^nizatjonp 
notwithstanding the chaos and confusion that seem to prevail within 
the advancing mass. But an organkation does exists indicated not 
only by the maintenance of a general direction but also by tbe occur¬ 
rence of flanking movements of limited senpe, alternately to right and 
left, at intervals of 5 to 20 minutes depending upon the sisse of die 
swarm* 

Tlie huge sorties of burchiUi in partieuliir bring disaster to prac¬ 
tically all animal life tlmt lies in their path and fails to escape* Their 
normal bag includes tarantulas, scorpions, beetles, roaches, grass¬ 
hoppers, and the adults and broods of other ants and many forest 
insects; few evade the dragneL I have seen snakes, lizards, and 
nestling birds killed on various occasions; iindoiibrcdl j a larger verte¬ 
brate which, becuu-^e of injury or for some other reason, could not run 
off, would bo killcil by stinging or asphyxiation. But lacking a cut¬ 
ting or shearing edge on their mandible, unlike their African relatives 
the ^*driver ants” these tropical American swarmers cannot tear down 
their occasional vertebrate victims. Arthopods, such os ticks, escape 
through their excitatory secretions, stick insects Uirough repellent 
chemicals, as tests show, os well as through tonic immobility. The 
Ewannars react to movement in particular os well as to the scent of 
tlieir booty, and a motionless insect has some chance of escaping them. 
Common exceptions, which may enjoy almost a community invul¬ 
nerability in many cases, include termites and Azteca ants m their 
bulb nests in trees, army ants of their own and otiier species both on 
raiding parties and in their bivouacs, and leaf-cutter ants in the larger 
mound communities; in various ways these often manage to fight off 
or somehow repel tlie swarmers. 

The approach of the massive burek^Tli attack is heralded by three 
types of sound effect from very different sources^ There is a kind of 
foundation noise from the rattling and nrstUng of leaves and vegeta¬ 
tion os the ante seethe along and a screen of agitated small life is 
flushed ofitp This fuses with related sounds such as an irregular 
staccato produced in the random movements of jiunping insects knock¬ 
ing against leaves and wood. This noise, more or less continuous, 
beats on the ears of an observer until it acquires a diftinctivo meaning 
almost as the collective death rattle of the countless victims. When 
thia composite sound is muffied after a rain, as the swarm moves 
through soaked and heavily dripping vegetation, there is an uncanny 
effect of inappropriate silence. 
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Another characteristic accompanimctit of the swarm raid Is tile loud 
and Tariable buzzing of the scattered crowd of flics of various spcciea^ 
some types hovering, circling, or darting just ahead of the advancing 
fringe of the swarm, others over tlie swarm itself or over the fan of 
columns behind* To the genera! hum are added irregular short notea 
of liigher pitch individuals or small groups of flies swoop down 
suddenly here and there upon some probable victim of the ants which 
has suddenly burst iuto view* These flies cannot be feeding to any 
astentj for they rise again mEtantly. Very probably they are ovi¬ 
positing on the prey, with tlieir eggs subsequently carried along 
incideatoUj into the bivouac where those unconsumed with the booty 
may develop along with tlm brood. Now* and then, in a labora¬ 

tory neat containing burchelli workers and larvaci, 1 have observed 
maggots that may be the young of these flies* It is probi^blo tlmt 
tbeir entire life cycle is mtimately intermeshed with that of the 
£ciiofL 


No part of the more prosaic clatter, but impressive solo eifects, are 
the occasional calls of ant birds. One first catches from a distance the 
beautiful crescendo of tlie bicolored aatbird, then closer to tho scene 
of action the diamcterbtic low twittering notes of tlie ant wren and 
other common frequenters of die raid* For locating swarm raids 
these are most useful duea as a rule^ since the birds ordinarily ore to 
be lieard at or near the scene of action from the time of first morning 
light when the mid begins- However, die calls am not on mfaihbk 


clue to the raids by any means, for in die respective mating seasons of 
the different species, they may be heard almost anywhere in the forest 
entcept around the £cit4>n swarm raid. In ooliaboration with our 
investigation of 1948, Dr. Robert Johnson carried out on intensive 
behavior study of the antbirds attending butvheUi swarms (John¬ 
son, 1064), The birds do not feed upon the ants eaccept accidentally-^ 
rather they feed on the Hushed-out insects which are snatched up by 
them m quick flight from nearby perches. In between these captuj^ 
the birds utter a chameteriKtic caU« Their music and actions an^ an 
inseparable part of tins forest phenomenon, 

Bnrth^U raids have die characteristic: form represented by on ex¬ 
ample m figure 2. In the morning, from shortly after its beginning 
at dawn, the size of the ma^ increases through a ^dy stream of 
rwniita ^m the bivouac entering along the consoUdation trail 
through the fan of calumiis to 
Domadic phase), with tha swa 
the bivouac and more than 15 
creased and the principal trail 
returning ants, mainly booty-U 
haul —forest inTertebrates of m 


the swarm. By midmoming (in the 
fm perhaps SO meters or more from 
metCTB wide, outgoing traflic has de¬ 
ls dominated by a thick procosslou of 
ieti, moving toward the bivouac. The 
my descriptions, fragments of arthro- 
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pod bodies, and it«ru9 of insect brood—is rushed aioog in the clutches 
of workers in tlie heavily tlironged, 3- to S-cnu-wide columns. The 
variely of captures, frODi tanmtiih* femui-s to atit eggs, ^ves evidence 
of the wide tribute levied by the swamiers upon forest life. 

In his population studies of forcst*flora life, I)r. £liot Williauis 
(1941) was impressed by the capacity of the ecitons to deplete tlw 
small life of a raided locality. One day, eiurly in his investigation, 
when he laid down his quadrat frame on a hill near the Barbour* 
Lalhrop trail, prepared to scoop up tlie soil and its faunal contents 
for a biological census, he was jjerpleied at the paucity of living 
things discovered. Other trials in the vicinity turned out similarly. 
The niystery was explained when we compared notes and 1 recalled 
that On the previous day an Sciion pf^datoT swarm had worked tliat 
hillside. 

It is difficult to know how eitansivcly tlie ecitons must cut into the 
population of small forest Ufa. A h\trch4dli colony is capable of heap¬ 
ing more tlian one measured gallon of booty in j ust one of its f orivard- 
area caches, and by consert'aiive estimate there me 50 colonies of this 
species on Ui6 Island. The inroads of tills and tlie numerous other 
species must constitute an important factor in the forest bal¬ 
ance, operatiug against a rapid insect proganeradoti often cited as 
threatening to man. 

Although hurcheUi swarms typically are larger than those of the 
subterranean Ecit^n pracddtOTf the two species, both conimon on liano 
Colorado Island, are similar in this respect 11n both species the swarm 
ndvatiocs broadside with alternate “flanking uioveinents” as a rule, 
wheeling first to one side and then to tlie otlier, “Pseudopodic col¬ 
umns'' extend similarly from the front and flanks of the mass in both, 
and in both there is a compareble fan-Bhai>ed complex of columns in 
the rear from which a single eonsolidation column leads to the bivouac. 

Watching the swarm raids, first of all one gains the impression tliat 
movement in the mass ia utterly confused, with ants here and there 
clustered in frenzictl excitement, fighting and stinging their struggling 
captives, elsewhere scurrj'ing about or moving in circuitous columns 
which appear to run in every direction. Nevertheless, appropristc 
analysis soon demonstrates convincingly that the swarm is eflectively 
organized. 

In these respects JS'ci'ton behavior represents a somewhat unique prob¬ 
lem in social psychology, for no animal below tnau is able to function 
away from home in organized groups as sizable and at the same time 
as regular and complex in function as these swarms. For this reason 
1 have found JureAsKiswann organization wortliinvestigating in some 
detml (Schneirla, 1940). It can be said that tliere are no leaders in 
these swarms except in a very temporary and limited sen^, and that 
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not in the sensu of huinan leadership; but the swam at nny stage is 
“directed*' coUectirely in a complex manner tlirougli die activities of 
all unts participating in the raid {Schneirla, 1041). 

Very different are the raids of E. Aaomttm, which 1 have studied os 
an example of the Ectt&m “oolunin-raiding” pattern (Schneirla, 1933, 
19^18). This species is a freriuent sight in the Barro Colorado forest. 
Operations in its relatively narrow tiles are marked by large, shiny, 
white-headed majoreond smaller kliakt-oolDred “soldadaa,” the former 
colliding frequently, the latter overrun frequently, according to the ebb 
and flow of traffic in two directions. 

This species, also a true terrestrial Eciton.^ builds up and carries 
through its raids in the daytime, and t3'ptcally emigrates after dark. 
In the morning, when one follows along in die direction taken by most 
of the booty carriers, and takes the correct turn at junction points, 
other things being equal ha may be able to locate the bivouac. There 
are other cues, useful although far from infallible, such os the fact that 
the base of a “Y” Junction usually is on the bivouac side. If no booty 
carriers are seen, and the junctions are irregular, the problem is more 
difficult. In the afternoon, and particularly in late afternoon, booty 
carriers are likely to bo numorous, but usually they seem to be traveling 
in equal mimbers in the opposite directions, and the bivouac seems to 
bo hidden belxind a screen of fnrflung and confused lines of tniffic. 

The answer is found when die raid is studied os a developing phe¬ 
nomenon . For this the columns must be traced out at regular times dur¬ 
ing the day, and transitions investigated appropriately, A Afirwia^Mm 
column raid, like a burcluUi raid, also generally begins at daylight with 
radiadons in all directions around the bivouac, then soon becomes di¬ 
rectional i zed, But in this pattern, in the nomadic phase, two or more, 
frequently three, trad complexes develop, each with its principal 
trail lending from the bivouac to a peripheral zone of branching col- 
umna The sketch in figure 3 represents one hamainm raid mapped ut 
midmorniug. Starting from the bivouac, we set out to follow one of 
the three main routes on which ants hurry to and from the blvouao 
Booty-laden ants are almost all returning to the bivouac and for some 
distance the trail is followed by a single column, unbroken by branches 
other than short ones m places where the ants continue to raid up 
trees or in masses of vegetation. Earlier in the morning there were 
branch columns here in profusion, but most of these dropiied from use 
once the area had been largely worked out. The single meondering 
base column is likely to continue outward for 50 meters or more, then 
to have a major division; and in all likelihood whichever branch we 
follow will have further divisions at shorter intervals os it is traced 
outward. In effect, the antg have established a complex spreading sys¬ 
tem of columns resembling a tree, in which a single trunkline from the 
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bivouac first divides into limb columns, which in him divide and re¬ 
divide into branch coUimns, these finally into tiivig columns. The twig 

oolumna end iti small scurrying groups of foragers. 

The other mfiin trail aysfeins are similar, each with lla base trail, 
ita branching and rebninchirg secondary trails. They differ only in 
secondary details oontTeniing the routes and distances, how much out¬ 
going traffic pours into each, and how much booty is returned. All 
tliese differences may influence which of these principal routes is to be 
taken in the eventual emigration of the evening. 



FicL'Ke raiding And cmigrAticn tn ibe ncjujidic ptAie: B-1, Wcdnetda-y** bivcuic 

and cEolgfaiian rautc to B~2, fmin which a lompici J-ayaicJn tiid dnvciaped oaTliundar. 
TIiuTSihr tveiLuig the cniaay cmigt*led abeiii 3 SO mctcre to the otw plate, B--J, fawn 
Whith a aiqiiur raid dc^-dop^ an Frid*y. and lo oa for 16 until thr phut endtd 
with the endoiWB of ihic larval hiood. ikEith of a tald in the »ta taty phii*, whw 

ihc (oiony baa an tncloied brood (paiaitig through the pupal iiatt) and ia bivouacked in 
a hollow log or tree. Raidi are inucli tinalltr than in the noinadic pbaae. Tlit iiaiiry 
phaae !aiu 20 dayi and enda with the emefgtnee of the pupal braod ai new wortert. 

The small groups of ants in tjie outskirts are Uie pioneers, first to 
extend the raid into now territory, first to rush back, exciting imts in 
the rear, when booty is found. Occasionally each su^i group divides, 
as wlieii it grows oversize or a natural obstacle is mot, and a forking 
of the trail resulta. In tlio train of each of these “pushing pi^ties^ 
there 13 a two-way column joining its path with older routes m the 
rear and erentuEilly with the bivouac, and thus all parts of the system 
are coimcctod. 

The Ecitfni raid travels on scent trails made by Oie ants tbem- 
aelves—the basis of orientation in all Eciton raiding. The osistence 
of a chemical trail on the path followed by every column may be 



394 ANNUAL HEPORT SMlTBaOKlAN JNSTITimON, 1055 

shown by simple ti^sts such as displacing a leaf or other surface over 
which the ants run, which always disrupts traffic unti! the pathw^ay 
unit is replaced or the break is rescented. Tlie chemical trail is first 
laid by ants in the advance group^ which indicate their entrance into 
now terrain by crawling slowly forward m a hesitant, meandering 
w'ay. Each pioneer moves only a short distance beyond the end of 
the scent trail, but In this excit^ advance it rubs its abdomen against 
the ground, reflesly releasing a secretion (anal gland*) which starts 
a new section of trail. The trail is thtis extended in relay fashion by a 
succesf^ion of individualfl, each moving out only a few centimeters 
before returning to the rear. There are no particular “leaders’^ in 
the activity, but ^cli newcomer contributes its bit to the roadmat¬ 
ing (Schneirla, 1041)^ 

In a similar manner the path of a hurckeMi swarm is scented by 
pioneers operating all across the front of the sw'arm. The difference 
iq that a hmfiatym pushing party usually contains only a few dozen 
individuals and a narrow trail is foiTncd directly* The bureheiU 
swarm is a large growing body of ninny fens of thousands, in its first 
advance scenting a broad pathway which is finally reduced to a rela¬ 
tively narrow trail when the swarm has p^isscd far beyond, ThU 
striking diffei*ence in raiding patterns no doubt is tJie product of fac¬ 
tors such as different olfactory sensitivity, glandular properties, and 
general level of e,^dtability of ants in tlie two species. 

Another imiiortant specii^ difference concerns the nature of the 
prey. Tlie relatively snml! raiding groups of do not make 

the clean sweep of small forest life that the swarmers achieve. Host 
of the hamalum booty consists of soft-bodied insect young, the larvae 
and pupae of other ants and wasps in particular. Only when their 
raids are largest and the foragei’s most excitable do they (apture 
adult insot^a in any numbera. Normally, the ooeupatits of invaded 
ih^et nests may oven escape the column taideta by explod- 
itig in all directions from the nest os it at the first invasion, carrying 
their biwl off before many of the raiders arrive on the scene. Well 
after the so]dados have gone, ihey return^ But althotigh the column 
raiders do not mnke as dean a sweep us the sw^armers and arc more 
selective in tlieir enpturea, they are far from ineffective. Their mul¬ 
ti pie treelike Byslcma usually cover im area up to QOO^ around the 
tem]5orary nests to a dislance of 300 meters or more^ and great amounts 
of liooty are taken. In all probability, Jt is the fact that fheir types 
of prey are largely different and competition only partial in fids 
respect that has made possible tluj cocxistenoe of these two species of 
wide-ranging camivorouB anta as terrestrial forms in the American 
Tropics, 

There are two scenes that recur most vividly in my pominiacing 
about army ants. One is a great swarm raid in full swing with ant- 
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birdfi flitting about and calling from underbrush iierchesj the oUier 
is tliat moment near the end of a nighttime emigration when a prC’ 
vioualy monotonously plodding column begins to show an cacited 
i-ushing about of workers, indicating that at last the queen is about to 
pass. The problem of Edton nomadism bns been a feBcinating one 
to study. 

That the dorylin^ are characleriaed by a nomadic existence bos 
been known to sclmice for more than a century, particularly from the 
observations of Savage (1847) on African driver ants, and Bates 
(1863), Sumichraat (1868), and others on the American forms. But 
the frequency of occurrenoa of the emigrations and tJieir causes or, 
conversely, the cause of failures to move were finite obscure in the 
earlier literature. The dominant hypothesis woa Tceseler’s (1905) 
assumption that a colony rooTes on when it has exhausted the supply 
of prey around its temporary nesting p1ai»- The suggestion of 
Aftiller (1880) that a colony needs more food when it has a growing 
brood, and hence moves about wore, although teleological, was mtidi 
closer to what now appears to be the actual explanation. But nearly 
50 years later it was possible for Heaije (1031) and Fracnkel (1932) 
to conclude from the current literature that the doryline imts move on 
according to food scarcity and hence are a case of irregular “emigra¬ 
tion.” From what we now know, the dorylincs emerge as a special 
pattern of true ndgration. In my Gist fciv weeks of work on tho 
Island in 1932, Jlndings indicated tlie existenco of speclGc “nomadic” 
and “statary” conditions in the terrestrial ecitons, related to active 
and inactive staged respectively in brood devclopiueiit (Schncirla, 
1933). laboratory and field results increasingly supported a theory 
of cyclic nomad-stataiy phases, alternation of these opposite pho^ 
depending upon energizing of tlie worker population by successive 
broods in their active and passive stages of development. (Schncirla, 
1033). 

Emphasis was first placed upon cross-eectional surveya and upon 
the study of tlie mapr turning points in the postulated cycle. A 
record of three complete cycles, accomplished by a colony of 
E, ho^ffuiZum in somewhat wore than four months, is sketched in 
figure 4. The Gist complete record of a cycle Tvas obtained in 1936^ 
Soon after my arrival early in the evening on August 5, I was for¬ 
tunate enough to find a colony in bivouac just behind tlie 

laboratory, near Snyder-ilolino 2, then in deep forest. From their 
almost concealed cluster located far beneath a large log, the ante were 
found at dusk pouring out in a single heavily thronged column in 
which were seen large numbers of newly emeigod callow workers. 
Masses of callow workers were seen in tho bivouac walks, and n con¬ 
siderable number of cocoons remained unopened. Almost all the 
cocoons had bean opened that night before the colony completed its 
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raovemojit to a site in Lutz Crtek, and a great hc4ip af empty eocoone 
around the vacated spot indicated that the colon; liad opened most 
of its brood at this place. Another clue to e long occupancy of the 
site was a wltitened circular area on the rock exactly where the bivouac 
base had rested, evidently cattsed by the piotracted action of 
chemicals. 

Kcjt day the colony developed three e^tensiYe trail systems in a 
large raid in Lnb* Valley. In the evening it emigrated over the 
principal trail of the central system and before H p. m* had mainly 
completed its new bivouac acrckss Donato trail. Tills pattern of large 
daily raids and nightly emigrations was repeated dnring the nest 
XT days (a nomadic phase of IS days)^ in which the colony moved in 
an irregular course to a site near IJarbH:>nr-Lalhrop 12. In tlie mean¬ 
time a large new brood attained its full-term development. At the 
last nomadic site the spinning of cocoons by these mature larvae was 
in full swing, a process greatly assisted by workers laying the larva4i 
on wood detritus and slnftiiig them about at intervals (Beebe, 1910). 
Next day the first processes of enclosure seeniod to have been com¬ 
pleted for most of this brood. Now, clustered deeply under a large 
log on the hill east of Borbour-Latlirop 13, the colony remained for 
19 days, a ^'etatary"^ phase which coincided with the pupation of the 
current brood. Between August 24 and September 11 the bivouac 
sliifted only about 25 centimeters farther beneath the great log. 
Daily raiding was always much fess vigorous tJian in the nomMic 
phit$G, Indicated by the ujse of only one trail system each day rather 
thnn two or or three as in the active phase [fig, S), Each day after 
dusk the anta were found retreating into their bivouac, genenilly 
issuing in some other direction on tlie following day. In this way 
the colony ^^bojsed the compass” in its sucoassivc raids from the 
statary site and managed to strike most sections of a circular area 
approximating 300 meters in radius. 

Tliese fnctfl, first of nil, oppose the hypothesis that colonies of this 
dory line s[>ocies are forced to emigrate when iliey have eshausted 
tha prey in a given area. For example, two days after thh colony 
had loft its site near Barbour-Lathrop 3 after a one-day stand, 
aaotlier ka7/ia£vm colony stopped nearby and remained there SO days, 
raiding in the area as i t passed lJiro\igh a iftatary phase. If there was 
booty enough in this area to hold the second colony for Oiat number 
of days, it is diJBcult to understand the niovos of our record colony 
to its last two nomadic sites as based on scarcity of prey. It is simi¬ 
larly difficult to believe that the booty supply in the vicinity of the 
St alary site was more plentiful than in other localities at which the 
latter colony remained only for a one-day stand in its nomadic 
phase—certainly not seventeen times more plentiful. 
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On the other hand, at the beginning of the studj theiw waa a predao 
coincidence between the emergence of a callow brood and the begin¬ 
ning of a nomadic ]>hnse of maximal activity and regular emigration j 
later the maturation and enclosure of a larval brood coincided with 
the passing of the colony into a statary phase of minimal raiding and 
no emigration; finally tho colony entered a further nomadic phase 
when the latter brood emerged as callow workers. On the last day 
at tliB second statary site, circumstances were closely equivalent to 
those at the site vacated when the study began. On this day the 
colony staged a large !i-iystem mid, the mature pupal brood was re¬ 
leased from cocoons, and the colony moved to a new site at the day’s 
end. On the second emigration of this new phase, it was discovered 
that the colony had a new brood of very young worker larvae. It had 
come full circle in just 3T days after leaving the first site. 

Tills coincidence of events in colony behavior and brood condition 
hos been established as tho rule not only for E. hama^m, and hur- 
cheJli^ but also for related species. Surprisingly enough, the de¬ 
scribed nomadic-stataiy cycle occurs tlu-oughout the year, in both 
rainy and dry seasons, with an unbroken succession of overlapping 
broods and correlated activity cycles. This was confirmed by studies 
of 31 hamai^m colonies and 10 humhelU colonies for various lengths 
of time in the dry se,ason and early rainy season of 1&48 (Schneirla, 
1940) and of comparable eeries in these species for various lengths 
of time in n Study extending from the late rainy season of 1947 
through most of the dry season of 1948 (Schneirla and Brown, 1950). 
Colony ’40 TI-B of E, haToaUan^ while on record from February 12 to 
Juno 6,1046, completed three full nomad-statary cycles and began a 
fourth (sco fig. 4), as follows: Cycle 1, nomadic 16 days, statory 31 
days, total, 3T days; cycle 2, nomadic IT days, statary 20 days, total, 
37 days; cycle 3, nomadic 16 days, statary SO days, total, 30 days. 
This study ended after a further series of four nomadlo days. In 
the course of tho 49 observed emigrations in these three complete 
cycles, the colony moved from the area north of Barbour trail to the 
area of Gigante Point on the opposite side of the Island, an overland 
distance of 3 miles, and a total distance of somewhat more than 8 
miles traveled in the successive emigratiousL Throughoat this entire 
time the correspondence of changes in colony acti vities and brood con¬ 
dition was exactly as we have described it for the colony studied in 
1936. There was only a secondary difference in the duration of the 
phases, which tn hamatum. are most frequently 17 days in the nomadic 
phase and 20 days in tlie stat.ary. E. hurchelli is somewhat more vari¬ 
able in its nomadic phase, varying from 11 to 16 days. TJie statary 
phase of this species is less variable than tho nomadic, with a mode 
of 21 days. 
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None of tLe hundreds of colonies in this species which have been 
studied at various times of year in these investigations has failed to 
show the described correspondence between brood condition and tlie 
colony activity pattern, widi the exception of one natural case in 
which the queen had died and all semblance of the normal pattern 
clutracieristic of the species liad disapiMared. Su^ cases may bo not 
infrequent, but extinction must be rapid, as indicated by our tests. 
Without further broods, as our field experiments show, regular no¬ 
madic function disappears in a colony, and tJie only way in wliich the 
worker population can be saved is by fusion vrith another colony of 
thespecies.* 

Tlie tuning device of these recurrent and surprisingly regular cjcl^ 
is no external event such as the lunar phases wldch bifluenoe rhythmic 
behavior in many other animals. Rather it lies within each colony, 
in the casual relationship between brood condition and colony be- 
harior. An active larval brood as it grows provides mote and more 
tactual and chemical stimulation to the adult workers, who are oor- 
respondingly responsive. (The nature of the intimate stimulative re- 
lationdiip normally prevailing between workers and brood has been 
demonstrated in laboratory observations and tests.) Tlie bro^ 
tiierebj energises the colony in an accelerating manner during its 
larval development. A great raid then ordinarily occurs ^ch day, 
leading by complex stages into a colony emigration sometime after 
However, the essential increment of social stimulation vani^iK 
abniptly when this larval brood matures and becomes enclosed in 
cocoons, and without it tlio level of colony excitement falls to a new 
low at which raids are always too small to provide a basis for emigra¬ 
tion. Each statary phase ends when tho emergence of a mature pupal 
brood as Iiighiy active callow workers suddenly raises the colony 
excitation lore! to a point at which the large daily raids and emigra¬ 
tions can occur. The hordes of newly emerged workers lose their 
initial excitatory elTect after a few days of further maturation, where¬ 
upon they behave essentially like ordinary adult workers; however, in 
the meantime a new larval brood has reached a oradition of high stim¬ 
ulative potency, so that a nomadic colony ftmetion continues without 
a break until tliis brood in its turn is mature, and so on. 

Thus the key to periodic emigration evidently lies in the fact that 
when tlic colony is overetimulatcd with suflicient intensity and persist¬ 
ence, the population responds to environmental excitation at a high 
level of energy and participation. Each morning the Initial stimulus 

■After 0>e onren bna been abacnl fer more tlmn a few honra, fwton enh e«nr 
when the colony ertssset patlis with another of Ita spedea. This event throw* 
latcrmtlDS Ught an tbe Bctfnial ailjastinehta of workora to the colony aafien an 
upon the iiulfylDc elTeot of her odor In the colony (Schnclrla, 10*9). 
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to oxodus is proridcd by daylight, but the iurusiuu of the environ¬ 
ment cannot exceed the low sCatarj level unless an active brood pro- 
Tidea the essential atiinulative increment During the morning the 
outgoing rush is diverted into trailmaking, capturing and transport¬ 
ing booty. It is normally depressed at midday in a kind of general 
“siesta effect,’* perhaps attributable to a combination of radiation, 
heat, and desiccation (Schneirla, IMd). Wlieii thiH temporary loth- 
argizing effect disappeaTS early in the aflemoon, the cxodtia again 
bursts forth, but now advances rapidly along one or more of the 
established channels {Schneirla, 1944b), gaining such headway 
that DO normal or accidental extrinsic or intrinsic change can halt it 
more than temporarily. Theoretically, the beginning of a raid In 
the morning marks the start of an einlgmtion, but trail conditions and 
internal colony conditions are not propitious for a continued exodus 
until late afternoon. Then, when failing liglit at dusk brings raid¬ 
ing actiWty to a halt, foragers drain into the trails and actually aug¬ 
ment the force of the exodus already under way. When this exodus 
baa been completed by resettlement in a new place, tlic colony remains 
moderately quiet in tiie bivouac until daylight again acts upon it. 

These statements are derived fiom studies of the terrestrial tJeUon 
species. It is probable that tJio fimdamental principle of brood 
stimulation as a hyperenergizing fiictor also applies to the subteTi anemi 
species, doubtless with certain secondary variations in the mechniiistu. 

The nomadic “instinct” in these terrestrial army nnts thus finds 
ita basis in tlm dynamic, reversible, and repetitive relationship be¬ 
tween reproductive processes and social behavior. Since tlie stimula¬ 
tive effect of the broods is the driving factor in the process^ the 
Eeitttn cyclic pattern rests first of all upon tlie queen (pb 2)-^uixe 
of the immense broods. This curious individual is much larger than 
her Bterile aisteis, the workers, and wingless throughout life (Gallardo, 
1920j ’Wheeler, 1025). The queen of E<^ton hamiaium is capable of 
p^ucing more than 40,000 eggs in n single batch, all of them laid 
within about one week midway in each statary phase. In tire luTcltelU 
queen, which produces even larger broods, Hagan (1054) has found 
a total of about 2,400 ovmrioles, each judgeil capable of producing 20 
or more eggs in a series. Since every brood ia produced as a unit 
and is laid within a few days, its members pass through their successive 
developmental stages and roach full maturity almost in step. Tliese 
are basic facts for tlie occurrence of the cycle. 

Since the turning points in the colony activity cycle are correlated 
m a relatively precise manner with major changes in brood develop¬ 
ment, the pacemaker function must somehow depend ujjon whatever 
sets tile queen at regular intervals from a resting condition to a fur- 
Uicr prodigious feat of egg production, llie ideo of an attunement 
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to some rliyrhmic environmental event such as lunar cycles at tiret 
seems attractive; Iiowevcr, in neither of llie establidied Eciton species 
does Hio rhythm show any identifiable ooincidenoa with any environ¬ 
mental periodidfy. ^Moirover, numerotis colonics studied simultane¬ 
ously in 1046,1048, and t05& passed oonuiirnently through very differ¬ 
ent slngtis of the cycle. Tliis tuma onr attention to tlie organic process 
itself; hovrevei*, the idea of a purely viscenil rhythm or some other 
regular organic process eudogonoua to the queen as pacemaker has 
been vreaketied by evidence of her close dependence upon tlie external 
situation of tlie colony. 

The nature of the controlling event has been clarified by studies of 
brood-adult relntionship in the colony in relation to changes in the 
queen (Sehneirla, 1040). "iVhen each successive biwd approaches 
larval maturity, the social-stimulative effect of this brood upon work¬ 
ers nears its peak. The woikers thus energise and carry out somo of 
the greatest daily raids in the nomadic phase, witJi their byproduct 
larger and larger quantities of booty in the bivouac. But our his- 
tolo^cal Studies show that, at the sanjo tinuj, more and more of the 
larvae (the largest first of ail) soon reduce their feeding to icaro as 
they tiegin to spin their cocoons. Thus in tlie last few days of each 
nomadic iilinse a food surplus inevitably arisea At this time the 
queen apparently begins to feed voraciously. It is probable that the 
queen does not overfeed automatically in die presence of plenty, but 
that she is started and maintained in the process by an augmented 
stimulation from the greatly enlivened worker population. Within 
tlie Inst few days of eacli nomadic phase, the queen's gnster begins to 
svi'ell increasingly, first of all from a recrudescence of the fat bodies, 
then frem an accelerating maturation of eggs, Tlie overfeeding 
evidently continues into tlie statary phase, when, with colony food 
consumption greatly reduced after enclosure of the brood, smaller 
raids evidently bring in sufficient food to support the processes until 
the queen Injonmes uiitxinially physogastric. These occurrences, which 
are regular and precise events in every Eciton colony, are adequate 
to prepare the qiieen for tlie massive egg-laying operation which be¬ 
gins within aliout one week after the nomadic phase lias ended. 

My theory, therefore, is that the queen is set off into eadi new 
nqiroductive episode in a feedback fashion by inevitable events in the 
colony activity cycle. It is n striking fact, however, that the instigat¬ 
ing factor itself is an indirect outcome of events depending upon the 
queen’s own function at an earlier point in the cycle. 

Interestingly enough, this complicated set of events works out fl« 
that when tlie colony is emigrating nightly over a lengthy, ro^h, 
uneven route of 200, 300, or more meters in length, the queen is in a 
contracted condition nnd well able to witlistwid tlie trinb of the 
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joumflj. Eepelled by bright light, ehc never leaves the bivouac in 
the daytime, but is drawn from the cluster in the course of the nightly 
exodus and must tlicn run the distance wiUi u thick entourage of work¬ 
ers obstniciiDg her variously in the frenzy of their excited activities. 
Throughout tiie uomadic phase the queen lays no eggs, and is in tiie 
condition shown in plate 3, upper, with contracted goster. Tough 
ososkeietal armour plates, now overlapped closely, protect the vital 
part of her abdomen, and her powerful legs carry her over the most 
uneven paths, easily overcoming physical impedances in tlie difficult 
route despite being trammeled by her pdlmell retinue of workers. 

When the queen reaches one of the periodic climaxes in hercxisteuco 
and is delivering the enormous nmss of eggs that she then produces, 
her gaster is so greatly distended with maturing eggs that the exo- 
akektal plates are forced far apart and the mtersegmentol membranes 
aro tightly stretched between segments. Her gaster tlien may become 
22 mm. or more, in length {e4[Ua1 to liar total body length in tho con¬ 
tracted condition) and very bulky. Although the tightly stretched 
membranes of her gastar are very tough and tests show that the queen 
is able to walk about even when physogostric, carrying workena, un¬ 
doubted] j a long run in an emigration would prove to bo a great risk. 
But at such times, when the queen^s conditiou makes her exceedingly 
vulnerablo to jarring or abrasiona, the colony is passing through a 
statnry phase and no emigrations occur. The queen then remains at 
the center of a quiescent mass and has at least a week for undisturbed 
recuperation in tho bivouac after the eggs have been delivered. This 
is all the more remarkable because it is an indirect outcome of licr own 
rhythmic physiological processes. 

Although meet of tlio workers must have relatively short lives, our 
studies OD Barro Colorado show that the normal function of a colony 
queen may be a long one. TiVo have been ablo to keep queens ou record 
by marking them [lermanently in a distinctive moniier. With iridec¬ 
tomy scissors, one or two minute triangles of cuticle are cut from the 
edge of abdominal scleritcs. The cut edges soon darken, so that the 
queens can be recogiiizeil readily wlien they are removed from their 
colony. Many recoveries Itavo been made after sevcrnl months, and a 
few after one year. Tlic longest record thus far b that of a hmiafvm 
queen (colony *48 H-1&), marked on December •>.% liHT, and reidenti¬ 
fied by means of her unique mark on April S, lt)r>2, nearly 5 years 
later. She was in vigorous condition and earrving out a normal re¬ 
productive fimetion lute in ifay 19.12, when her colony was last seen. 
This queen thereforo had a functiontil life of at years, in 

estLm.ated total of 45 broods (probably more than 1,800,000 
individuals) had been produced. In 45 nomadic phases, with 16 emi¬ 
grations each on die average, it Is estimated that her colony traveled 
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at least TO miles during the interral between marking and reoorery. 
How much longer tliia queen may have functioned tefore the inter- 
Tontion of Eupersedure or normal death cannot be aaid- 

How new colony queeas are produced in the dorylinea was a long^ 
standing mysteiy (Wbeekr, 101^, 1D25)* The specific solution for 
ecitons was obtained mainly through work on Uie Island. Almost all 
the broods produced at regular intervals in the <olonjea throughout 
the entire year are all-worker broods; however, at long intervals 
smaller broods of many males and a few queens are produced. Such 
broody axise most frequently in the first third of the dry season, 
apparently resulting from the initial effective impact of dry w'efithiiu* 
upon the queen (Scbneirlat 1048j lO-tO). Apparently on Barro Colo¬ 
rado only a part of the oolouiea products such broods in any one season. 
As an example, in a total of 52 colonies of Ecit&H Jt^mat'Um and 
bvrchelii studied on the Maud during 6 monllis in 1047-48, only four 
were found w-ith sexual broods. These broods contained no workers, 
but only males and young queens (Sclmeirla ond Broivn, IflSOj 1952). 
It is probable that the queen lays the usual number of eggs in such 
cases, mainly infertile eggs, but that in the early stages their nuinbar 
is greatly reduced. The total of individuals matured is rougldy 
1,500 males in h^maium and about twice that number in burcheUtt 
with indications that only about six of the young queens emergo aa 
callows. TliO normal nomad-statary process ooutinues m a regular 
manner throughout the period of sexuabbrood production, essentially 
fls with a worker brood. The one difference is that the nomadic phase 
is shorter by nearly one w'Cek, depending upon a shorter period of 
larval development in sexual than in worker broods- 

Through long-term studies on the Island, we have established the 
fact that a two-way colony division is the normal outcome of the pro¬ 
duction of a sexual brood by an Briton colony. This proce® was mves- 
tigated in detail on colony ^46 B-I (Schneirla, 1949), colonies ^48 H~12 
and H-2T (Schn^rla and Brown, 1959, 1952) and i^lony "52 
which were studied through periods of 3 mouths or more in each in¬ 
stance^ and in still other cases os well in the different years. Our re- 
Hulla indicate that the sexual brood, from its early larval stage, has a 
strong attraction for a considerable section of the colony. Testa show 
that this unique attraction is based upon the distinctive odor proiwr- 
tlea of this brood. The effect leads to a couuterattraction competing 
more and more widely with the drawing power of the regular queen^ so 
that her poaition in the colony becomes somewhat ambivalent for large 
sections of the workers. 

Colony division thus evidently develops tlirDugh conflicting ^or at¬ 
tractions which arise even while the colony still operate as a unit. The 
division process is more apparent when the fully developed young 
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queens emerge from their cocooiis and recei^ the diflerentuiCed re¬ 
sponses dI workers^ and it becomes an actuality when the males emerge 
a few days laiar, Kmergence of tl^e males sets oif a maKiniuin raid^ 
somewhat more vigorous than with an emerging irorker broodj and the 
colony moves off divergently on different raiding trails. Colony di¬ 
vision thus may be underwood as a special case of the initial emigration 
of a nomadic phase. 

One difficult question oonoerixs the fact that, although about six 
young queens normally emerge in a sexual brood, colony division never 
secJi^ to produco more than two daughter colonies. Tlie fact is that 
ordinarily only one of the young virgins can get estabUdied in a 
daughter colony—or two of them if the old queen is superseded. The 
entire process, including both the ascendancy of tlie successful queen 
and the rejection of the others, seems to bo based on worker reactions 
to queen odors of different strengths and attractioD, as well as on peb¬ 
ble disturbance effects. As the two new daughter colonies move off 
divergently^ each with its queen, the several unsuccessful young queens 
Eind perhaps also the discarded old queen are held behind (“sealed 
off”) by workei^ in an interesting series of reactions which ends In 
their seclusion and final ahandonmeTit to the elements. 
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[Wltb 3 

Most ArfUiAxe are oold-blooded: in all the invertebrates, and in 
the vTirtebrafoe, c,T:cept the birds and mammals, the teTiiperat:iir& of tlie 
body ia approximately the same as that of the surrounding medium, 
ming and falling in harmony with its iliictnaticms. All aniinalB that 
Utb in the sea are subjected to a comparatively small range of temper¬ 
ature variation that is not great enough to preclude an active existence 
throughout the ymr. Even in the sea, however, many of the inliahi- 
tants of tJie upiwr strata ajid of shallow er waters show seasonal out¬ 
bursts of activity (mainly in connection with reproduction), and the 
feeding activities of a great number of species are restricted during 
the colder times of winter. But animals living on land with air 
as the surronnding medium, particularly those that live outside the 
Tropics, are subjected to a far greater variation of tamperaturB with 
the course of the seasons, and have been forced to adopt various means 
for coping with it Hi beniation is one of tliem. 

In cold-blooded animals tho metabolic rate varies, being greatest 
at high temperatures, and least at low ones. No animal can long 
withstand a temperature of much over 100® F,; for ona thing, the 
proteins of the tissues are coagulated by great heat—though most 
animals could not survive even up to Qie tentperature necessary for 
that to occun Members of only & few groups, in which there are 
special arrangements for resisting frost, can withstand being frozen* 
With the onset of the chill of winter cold-blooded animals must there¬ 
fore seek out some sheltered spot, to which frost will not penetrate, 
where they may safely remain until warmer conditions return. But 
many go further than this and enter into a stats of torpidity in which 
the metabolism ia reduced to the absolute minimimi oonmstent with 
the preservation of life. Most people have at some time s^n a queen 
wasp Idbernating, perhaps behind a picture on the wall of an unheated 

* BeprluteO bj perinlBaloa froin Dlscwtery, veL ISt No. IQ, November iec4, 
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room, Tihere it hntigs motionless from some projecting shred erhich 
it grasps in its jaws, while its legs, wings, and antennae are folded 
down on (he underside of the bcxly just as they were wlien the insect 
WAS a pupa. In many insects there is a special kind of hibeniation— 
the diapavw—m which the life history is interrupted by tlie hiberna¬ 
tion of an inmature stage. Thus some species pass the winter as 
eggs; others do so ns partly grown or fully fed larvae, or as pupae. 
The diapause, however, is not necessarily a winter phenomenon. 
Numerous other invertobrates likewise have their own methods of 
hibernation; snails, for instance, creep into some sheltered cranny, 
and shrink as far as possible into tlie shell after making a door of 
hardened mucus to close its mouth. 

Afany of the cold-blooded terrestrial vertebrates similarly hiber¬ 
nate in some protected spot, often underground, where they remain 
motionless with all their activities reduced to a minimum. It is well 
known that frogs hibernate, though few people know where or how 
they do it—in actual fact, they bury themselves in the earth, or in 
the mud at the bottom of ponds and ditches. Toads and newts geu- 
erally liiEiernate on land, tucked away in some crevico underground; 
one ^T!ry rarely comes across them, and it is a matter for wonder that 
80 many millions of them can be concealed all over the country every 
winter without being more frequently discovered. Snakes and lizards, 
too, are expert at lying up in some underground den where they ate 
safe from molestation. Adders in particular like to take up winter 
quarters in crevices among tire foundations of a dry wall, and when 
they wake after the winter they may often be seen basking in the early 
spring sunshine on some favorite warm stone before the growing 
herbage shoots iilgb enough to conceal them from view. 

Even some of tire marine fish cease their usual activity in tlio ivinter, 
become torpid, and undertake tt sort of liiliemation. They are mostly 
those siiecies that live upon die plankton, tJie mass of floating “water 
fleas^ and oUier small animals and plants that swarm in such incredible 
quantities m the upper strata of the sea during much of the year. The 
basic organisms of the plaiiktous are the diatoms, minuto unice! 1 ular 
plants tliat start multiplying in countless millions with the lengthen¬ 
ing hours of sunshine in the spring. Just nsall flesh is grass, so all fiali 
is diatom, for when this outburst of plant growth comes in the spring 
tlie herds of copepods and other minute floating Crustacea increase 
enormously and graze down the rich feeding that is jn ovided for them. 
Some of the larger fishes—and the whalebone whales, too-^are special¬ 
ized for feeding upon this great abundance of animal life when it 
becomes available to them, and they filter out the swarming plankton 
as they swim through the sea water; among the fishes the mackerel 
and the basking shark may be particularly mentioned here. But 
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after the brilliant days of summer the luineml resources of the ^a 
necfs&sary for the gro wtli of plants are temporarily depleted, and with 
the onset of the aliorter days of winter the diatoms die down; when 
they deci'ease in quantity the esubetanca of animal plankton fades 
away, leaving the filter-feeders short of rations. The teeming ^oals 
of mackerel leave the upper strata of the sea and retire to deeper 
water where they lie inert waiting for tlw return of more favorable 
conditions in the spring. It is then that the fishettneii make their 
great catches of trawled tnackeral, sweeping up tho shoals that lie 
torpid near the bottom. 

Even the enormous basking shark, that may weigh up to three or 
four tons, is entirely dependent on tlie plankton for its sustenance, 
throughout the summer months it basks in the sunshine of the upper 
strata of the sea, cruising along at about two knots and filtering out 
many tons of plankton from tiie sea w'ater as it slowly forges ahead 
with its niouth wide opent thus the plankton is left stranded in tho 
pliaiynx on the elaborate arrangement of gill rakers carried on each of 
the gill archre. But when tlvo summer outburst of plankton dies down 
there is not enough food for tlieso enormous animals, and they disap¬ 
pear from the surface wateis. No one knows where they go, but 
recent research has thrown much light upon their probable where¬ 
abouts. 

It was long believed that basking sliarks migrated to distant or 
deeper waters during the winter of the temperate regions, in spite 
of the fact tliat specimens are occarionaUy stranded or sighted even 
during the depths of winter. Within the last few months new and 
starthng information has been reported upon this subject. Careful 
investigation of a number of winter-caught basking sharks bus shown 
that they do not possess gill rakers—that they are, in fact, without 
the means of obtaining their characteristic food. It is evident that 
with tha approach of w’inter the basking shark sheds its gill rakers bo 
that it is theresafter incapable of feeding, and that a new set of rakers 
slowly develops during the winter to erupt like another dentition in 
the spring. It is tiius almost cert o in tliat tha basking shark Iribernates 
during the winter, as it cannot feed and is therefore incapable of any 
sustained activity. At this time of the year it probably retires to 
deeper water—perhaps seaward of the Continental Shelf-—and then, 
like tlie mackerel, it proceeds to lie on or near the bottom in a state of 
toq>idity with all ita metabolic proc«sca reduced to tlie absolute 
minimum I there it stays Eintil the next year’s crop of plankton pro* 
vides a pabulum which its newly grown gill i-akers can collect. 

I'arkar and Boesoman have recently shown that when the plankton 
is reduced to ite minimum during the winter there is not enough of it 
in eaeJi cubic meter of water to supply the energy necessary to keep 
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a backing ^hftrk swimming even the slowest sp^cd at whicli it can 
filter its fond out of tho water—if a slrark were to continue feeding 
during the winter it would lose on the de^l, for the energy produced 
by the plankton it could obtain would be less then that expended in 
the effort of collecting it I The shnrk therefore thro’ivs its gill rakers 
away^ descends to tlie bottom in some quiet spot^ becomes more or less 
torpid, and probably uses the stores of oil accumulated in its enonnoua 
liver the source of energy to maintain a minimum level of vital 
processes until neast aummer when its feeding grounds are restocked. 

It is, however^ by no means certain that during the winter the shark 
draws upon the oil stored in tlie liver; there is justification for ^epti- 
cism about this physiological question after the discovery that hiber¬ 
nating amphibians and reptiles do not utili^ wliRi appear at first sight 
to be their obvious reserves. In the% animals a deposit of fat ac¬ 
cumulates when they are not hibernating; it la laid down in special 
organs known as the “fat bodies,” which are situated in the abdomen 
near tlie sex glands in the amphibians and near the under wall of the 
abdomen in the reptiles. But the energy needed to maintain the re¬ 
duced metabolic rat© during hibematian is derived not, oa might bo 
expected, from the stores in the fat bodies which appear to ba reserved 
for the activities of breeding, but from the glycogen stored in the 
liver and muscles. 

A BIRD THAT FfTOER NATES 

Most of the warm-blooded animals are able to meet adverse condi¬ 
tions without hibernating. They are well covered with fur or 
feather's to keep out the cold, and ore able to find sufiicient food to 
main tain tJaeir metabolisnr at ite full level even in the depths of win¬ 
ter. Until recently it was believed that no bird hibernated, in spite 
of the ancient legends about swallows lying dormant conglobated in 
the mud at the bottom of ponds; tlie insectivorous species whose food 
disappears in winter nearly all migrAte to regions where it may still 
be found. But since the war an American naturalist has discovered 
one of the most startling facta to be reported in ornithology dur¬ 
ing the loot hundred years—he has found a bird that undoTibtcdly 
hibernates. Far away m the Chuckawalla Mountains of the Colorado 
Desert of California at tlie end of December 1040 , he came ockjss 
a specimfin of a species of nightjar, Nutlairs poorwill, hibernating " 
in fl state of torpidity in a rock crevice of a deep canyon among the 
hilK The poorwiil is an insectivorous summer migrant to parts of 
the southern United States whence it departs at the onset of winter 
to regions unknown. The new observations show that it does not go 
to the happy feeding gronnda of tlio Tropics whet^ insect food abounds 
at all seasons, but it gives up the struggle for existence and takes the 
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soft option. The bird found in the raountfim canyon was sitting inert 
in ite shelter, its rtspirntion and heart rat® reduced to eo low a level 
tliat tliey could not b® detected with the portable apparatus available 
in the field, and its temperature down to more than 40* F. below 
that norma! for its active state. A ring waa placed U[Jon this birds 
leg so that it could be identified, and for four succraaive winters it was 
found dormant in the same niche of refuge. 

THE NOCTURNAL TORPIDITY OF HUMMINGBIRDS 

Although the j>oorwill is the only bird that is definitely known to 
hibernate, there are others that go some way toward the reduced 
state of metabolism characteristie of hibernation. The hummingbirds 
that are the incarnation of activity during the best of the tropical 
dny relinquish their intense metabolic activity when they go to roost; 
their temperature drops and their rates of rospiration and lieartbeat 
fall—and this happens in some species not only when they sleep at 
night but even when they perch for an e.vtend®d period during the 
hours of daj'light. The metabolic rate of animals varies inversely 
with their sis®; the 1 arger the slower. TJ^e daytime resting metabol ic 
rate of those species of liutnmingbirds in which it has been measured 
is higher tliati tJiat recorded for any other animal, and during active 
hovering it is about six times greater than the rate at rest. But 
during the nocturnal period of torpidity it falls to about one-twelftli 
of the resting rate, and the birds become cold, immobile, ond incapable 
of flight 

The hummingbirds are not the only kind of birds that enter into a 
spell of torpidity when they are not in active movement. Dr. David 
Lack has recently shoivn that m^tlings of tlie common swift become 
torpid when weather conditions are such that their parents cannot 
obtain the supply of insects necessary for fcoding their broods; their 
temponvttir® falls and they enter upon a state similar to the hibernation 
of the poor will until more favorable conditions retum. The nestling 
swift can witlistand many days of fasting that would be fatal to the 
nestlings of most birds, and while it is denied the usual source of fo^ 
its weight steadily falls as it uses up the energy obtainable from its 
tiseucsto maintain the bare minimum rate (the fewaf rate as it is call^) 
of metabolism. It is particularly significant that the ornithological 
sjEteinatists have, on porely morphological grounds, clasmfied the 
swifts, nightjars, and hummingbirds ns closely allied families. The 
ornithologist wtio investigates the metabolisni of the common Euro¬ 
pean nightjar during ite daytime period of inactivity will probably 
obtam some very interesting resiilts* 

Verv fciv hibernate^ and It is siinong tbe es- 

cUisively insectivorous ones most of the bnts, vrlnch during the winter 
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must eithiir migrate, starve^ or hibeimate, take the last alternative, 
whereas they might haTe been eApectcd to choose the firsts seeing that 
they are the only mammals capable of powered flight. A few species 
of bat, particularly in America, do migrate southward in the winter, 
but the majority of those inhabiting the temperate regions hibernate j 
neverthelees, their liibemation is by no means so complete as was once 
thought, for many species wake up at intervals and not only move 
atiout in the caves in which they pass the winter but go outside and fly 
from one shelter to another. 

DORSnCE HEDGEHOGS 

A hibernating mammal like the dormouse rolls up into a haU when 
it becomes torpid, the head being bent down so that the chin resta on 
the abdomen^ The hind feet are curled forward about level with Uie 
no^j and the bands, clinched into flsts, are held either under the chin 
or alongside the cheeks. The eyes and mouth are tightly closed, the 
ears folded back downward close to the surface of the head, and the 
tail 13 tucked forward between the legs, ils tip wrapping over the face 
and back- The body teiupcmtura is so low that the animal feels cold 
to the touch, and the muscles are held rigid so Llmt the ermture can be 
rolled along o flat surface without disturbing its pose. Dormice 
hil>erDate from September to April, hut their sleep is not nece^rily 
uninterrupted; their record for continuous sleep is 6 months and 23 
days* Hedgehogs are much less regular hibernatora^ and often do 
not Jig up for the winter until the end of the year, so that they may not 
be torpid for more then 3 months. Bats of the temperate regions 
vary \ some species may hibernate for over 5 months, but here again 
ninny of tlieni awake at intmmls during the winter. 

Hibernating mammals are aroused by warmth ; extreme cold may 
aLso produce this effect Kone of them, however, can iiornmlly with¬ 
stand being frozen, hence the necessity for them to lie np in the pro¬ 
tected nest of the hibemaculuin where frost is excluded. Although 
bats make no nests, they hibernate in places such as caves wJiero the 
tein|>erature is fairly constant and, low as it may he, never drops to 
freezing. Tlie alpine marmot and mnny allied species enter upon a 
true hibenmtion, hut heara, contrai^ te [lopular belief, do not, Beai^ 
“den up’' for lengthy periods during the winter, but they do not become 
tnily torpid and their normal basic rate of metabolism is mainlined 
tlu^ughout their sleep; it is in the winter den that die cubs are born, 
and there that the mother nurses them for some weeks “licking them 
mto shape. Similarly the badger may lie up for several successive 
da^ in erttemely cold weather but it does not hibernate in Great 
Britain what it may do in northern Euroiie has not yet been deflnitelv 

a D^ihDTTD 1 n£kH *' h 
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Altliough hibeniaiing warm-blooded auiinals urn generally unable 
to withstand being frozen, recent work on the subject lias shown that 
sonw species at least can be cooled to temiieraturcs a few degrees below 
freezing point When this process k carried out under the correct 
conditions a state of supercooling is attained in wliicli the teoi^mtim 
is below 0® C., and the animal can be brought back to life on raising its 
te 4 nj>eraturo with suitable precautions, although it cannot revive spon- 
taneoufily. But great care has to be tabes not to disturb the super¬ 
cooled state, for even a slight aliock causes immodiata crystalization of 
ice to begin throughout the body, and when that has happened com¬ 
pletely there is no return. Cooling to apectacular subnormal tem- 
|>cratui«s, though not to anything approaching freezing, has recently 
been used as a form of ancsOiesia for the porforiiionco of surgical 
operations ’—a technique that apijears to be fraught ivitli the greatest 
dangers in view of our present very inadequate knowledge of this 
new subject. 

In warm-bloodod animals the approach of tlie cold-blooded state 
of hibernation makes itself felt some time before its actual o^t, and 
the animals react by making provision accordingly. Terrestrial mam - 
uials prepare a winter den or burrow of some sort, usually lining it 
with dry vegetation to form a snug nest; and even among the buts 
many species leave their summer haunts and withdraw to special 
hibernating retreats whidi they do not inhabit during the rest of tbe 
year. But liibemation is often interrupted—tlie dormouse, the mar¬ 
mot, and otiiers, lay up stores of food in or near the nest wliich are, 
presumably, eaten when iliese animals, like the bats, awtike at intervals. 
The onset, too, of winter torpidity is very irregular in many specie; 
in til© hedgehog sleep may last for only a few days at a time, with 
intervals of activity, until the winter is well advanced, 

THE LONG LIFE OF HtBERNATORS 

In the dormouse, and even more in the bats, normal summer sleep 
passes some way toward the torpid state charecteriatic of hibernation, 
as in the hummingbirds nnd iioaibly some others. So great is the 
difference between the active and resting metabolism in a bat that 1 
hour of activity uses up as much food or fat stores as is used in more 
diaii 12 hours at the torpid rate. When bats are active tbeir ap¬ 
petites are voracious, and were they active all the time they would, 
like shrews, need to cat their own weight of food daily. But tlio long 
periods of sleep spare them tliis necessity, and allow for the eipendi- 
ture of the energy needed during lUght, for most insectivorous bats 
are active for only a few houre at dusk and dawn. And there ib a 

■ Tbla twhnlqnc ctcacrtbed In COapmaTi Pliictw* ’■ article In DlRCOvery, vol. IS. 
No. 10, pjj. 4Aa-416. W&L 
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farther r^ult: the life span of a shre'w is not more than IB moDths, 
but that of a bat of Hlm ilar size is T or 8 years or more. When it is 
lemembcTted that some species of bat si>0iid up to nine-tenths of their 
Bumtner life ia torpid sleep, aad all of the winter in hibernation, it 
can be readily appreciated that the animal machine will not wear out 
so quickly as in animals thnf. are aedra for a higher proportion of the 
24 hours all the year round. 

Hibematiou in a wam-blooded animal is a Tery mudi more drastic 
process than in a oold'-blooded one; the anima] has in effect to re¬ 
linquish its temperature regulation and become cold-blooded. All 
hibernating manunala get very fat before entering on the winter sleep, 
and the fat deposits not only serve to keep the metaholiam going at its 
reduced rate during the winter, but their presence in the autumn 
ptorides, or helps to provide, the stimulus tliat starts hibenmtion, 
though the means by which they do so are not known. Low tempera¬ 
tures and seardiy of food are not the primary causes. Similarly in 
some kinds of wild bee the young queens that will found the new 
colonic of tlie following year start their hibernation almost os soon 
as they emerge from their brood cells in tlie tniddla of the summer; 
and swifts leave this country on their southern migradon in August 
when the supplies of insect food ore the greatest—these things are 
brought about by the fn/entoZ condition of the animal and not in the 
first place by the state of the cnviroimienL 

Mammals have a deposit of dark-colored fat and lymph tissue round 
the blood vessels in the neck, chest, and elsewhere, in addition to the 
general fat stores; it is particularly prominent in hibernating mam¬ 
mals. This dejiosit is large in tlie autumn but decreases to very small 
propordoua by the middle of the following summer. This “brown 
fat’^ has been termed the “hibemadng gland,” but its functions are 
obscure, for it decreases In size during liibemadon more slowly than 
the general reserves of fat. 

When a hibernating warm-blooded animal becomes cold-blooded 
and undergoes a decrease in temperature the rate of respiration also 
decreases. A torpid bat, for example, breaths about 25 to 30 times a 
minuto for some three minutes and tlion pauses for three to eight 
minutes without breathing; its normal rate during active periods goes 
up to about 200 a minuta without any pauses. In some species tlie 
rate during hibernation is lower sdll, so tJiat it is very diflicalt to detect 
any sign of breathing at al l. At the same time Urn rate of the heart¬ 
beat becomes very slow anti the circulation ia further retarded, in fiome 
bats at least, by the spleen swelling up to about seven times its normal 
volume, being distended with blood and acting aa a reservoir for tlie 
mainbulk of the blood wW le it is not being vigorously pumped around 
the body by the heart 
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During hibernation the blood itself is altered in composition. 
periments on hedfiehogs have shown that in hibernation the amount 
of sugar in the blood is less titan lialf that present when the animal is 
acdTB, but the amount of magnesium la more than twice as great. 
It has hirther bean found that if active hedgehogs in summer are 
injected with insulin, which decreases the amount of blood sugar and 
increases the magnasiuin, and are placed in a low temperature (but 
above freejjing) an artlEcial bibettiation is induced which may last 
for many days. Wlien such animals are later removed to a warm 
temperature they awaken in a normal manner and return agiun to 
the warm-blooded state. 

There seems to bo eoms doubt about tho temperature of the body 
during hibernation, for most observers have recorded very low figure 
by taking the rectal temperature; but if the temperature of the blood 
within tho heart is measured, an oiieration that can be done with a 
small thennocouple mounted in a fine hypodemiic needle, much higher 
values are found- Thera appears to be a temperature gradient, the 
extremities being very cold but the center remaining considerably 
warmer. It is interesting to note in tliis connection that when non¬ 
hibernating animals have been subjected to great cooling, and reduced 
to torpor, tliey con be brought back to life only if the heart is wanned 
first while they are being re vi red. 

CYCLIC CHANCES IN GLANDULAR ACTIVITY 

In view of the great diangea In the blood sugar during hibernation, 
and of tlie possibility of inducing an artificial hibernation by the 
administration of insulin, it is not surprising that striking cyclic 
changes have been found to occur in the insulin-producing gland of 
hibernBtory animnls—tlie islets of Lnngerhatia in the pancrcasu The 
pancreas produces a dig^tive eecretion that is poured into tho intffi- 
tine through the pancreatic duct, but in addition it serves an endocrine 
function. Certain bunches of cells in its structure do not produce the 
fluid that is conveyed to the intestine through the duct, but manu¬ 
facture substances that pass directly into the blood and have an cffoit 
on other parts of the body at a distance when carried to them by the 
blood stream. These dusters of cells form the islets of Langerhans, 
and one of their chief functions is tho production of insulin, the sub¬ 
stance that has such a profound effect upon the metabolism of carbo¬ 
hydrates in the botly—if insulin is deficient in quantify the amount 
of sugar in the blood rises to an abnormal level which may be eo great 
that the animal passes into a diabetic coma that terminates fatally. 
During hibernation there is a great hypertrophy of the endocrine 
tissue in the pancreas, the proportion of inEulm-prodncmg cells 
present being much greater than during the aununer. But the islets 
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of Langcrhang are not made up of uniform cells: there are two kinda, 
one of which is certainlj the type that is chiefly concerned with the 
elaboration of insnlm^ and it is thk type particularly that increases in 
numbers in the hibernating mammal. 

The islets of Uie pancreas are, howerer, by no means the only endo¬ 
crine glands that undergo a cyclic change during hibernation. The 
thyroid gland in the neck, the cortex of the adrenal glands near the 
kidneys, and the anterior lobe of the pituitary at the base of the brain, 
all participate in the changes. 01 these the anterior pitnitaiy proh- 
ably takes first place in importance—it has been not inaptly called 
the “conductor of the endocrine orchestra” because its secretions have 
such a profound ef ect on the actmties of all the other endocrine 
glands. Tlte genital glands, which hare an endocrine function as well 
ns their primary one of producing gametes, undergo cyclic changes 
in the hibemators, ns in other animals, but although they ate depend¬ 
ent upon the actiTiiy of the anterior pituitary it is doubtful whether 
they piny any important part in the phenomenon of hibernation. 

1 these glands are at their lowest phase of activity in the autumn, 
but during the winter there is n gradual recoveiy and in the spring 
they show a great spurt of development tiiat is closely connected with 
the onset of the brewing season. As far as the thyroid is concerned 
this burst of activity is sbort; it is probable that increased tempera¬ 
ture during the summer, and the great developraeiit of reproductive 
activity, are responsible for the regression that the gland undergoes 
from quite early in the .spring. The small related glands, the para¬ 
thyroids, undergo a parallel cyclic series of changes, but it is probable 
tliat they do not undergo any marked functional deficiency during 
TV inter. The adrenal is a gland of particular interest and many func¬ 
tions { its outer part or cortex contains a jtone (the X zone) that is 
very greatly developed in hibematiDg mammals during the autumn 
and winter until tlio spring, hut becomes so reduced os to be practically 
vestigial during the summer. Tlie central part of the adrenal, the 
medulla, also undergoes considerable changes during the year, but 
no marked cyclic activity that can be correlated with hibernation has 
been identified, Tiie activity of nil these glands takes part m the 
tliermoregnlation of the body, but the exact role of each remains yet 
to be elucidated.^ It may not be out of place, however, to point out 
that the “anterior pituitary-thyroid-adrenal axis” is closely con¬ 
cerned with the peculiar “shock disease” that sometimes afflicts whole 
populations of animals, particularly those of rodents that poriodically 
bujid up a peak of mimboiis far greater than the territory that they 
inhabit can support. 

\ lost point; It has recenily been shown that in some hibernating 
mammals the rate of clotting of the blood when shed is greatly re- 
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tardedj and tMs phenomenon has been interpreted es a special udftpta- 
tion to hibernation. Diiring hibBrnation the beartheat is slow and 
weak so that the circulation rate of the blood is reduced; it is there¬ 
fore suggested tliere is a greater risk of thrombosis—the clotting of the 
blood in the blood vessels—in Inbomating mammals than in active 
ones. During the active statOi on the other han<b the blood must 
coogiiilate rapidly in order to prevent fatal loss tlirough a small 
wound. The cyhe change in the clotting rate of the blood may well 
be, therefore, of particular importojice to the hibernating animal. 

Although the experimental removdil of the anterior pituitary^ wltJi 
or without the destruction of the cortex of the adrenal glands, to¬ 
gether with the injection of insulin, leads to a condition in which the 
regulation of the temperature is disorganized^ and produces a state 
resembling an artificial hibernation, the role of the different glands 
remains very obscure—it is not yet known whether many of the cliangei^ 
in them are the causes or the effects of hibernation. Much still re¬ 
mains to be discovered—and the study of tlte physiology of hibemation 
and temperature teguladon in the warm-blooded animals m not of 
academic intereet only* It ia probable that an increased understand¬ 
ing of tlie processes involved in biboraation TviU throw much light on 
the problem of eurviva! in nonhibemating mainmate, including man, 
when they are subjected to extnonea of cold and exposure. 
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Parasites Common to Animals and Man' 


By Be.'njamin Schwartz 
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iVFith 4 

Of the more Tu/ix ONE ttUKi>iiED sFEOiEs of protoKoan and TTorTii 
parasites reported from mnn, with the osoeption of tlioso of doubtful 
status^ few aro sojoiimcia in flsmo aopi^jw escluelvdy. As a matter 
of fact, man shares with the lower animals a large number of endo- 
parasites. Some of them are primarily inhabitants of animals and 
occur in persona only oocaaionally. Otliers, hoivcver, are in the snain 
human partisitea which somBtitties occur in, or can be esperimcntally 
transmitted to, animals. 

Among the parasites of man are species Utat undergo their enure 
development in human beings. Others occur in man as adult parasites 
only, and still otliors as larval parasites. In eiUier case the life cycle 
of the parasites falling into these two categories involves an alterna¬ 
tion bctu'cen the huiuan and animal host, the one harboring the adult 
parasite being kiioivti as the definitive host and the other, harboring 
its immature stages, the intermediate host. Man sc^es, tlioraforo, os 
the definitive hcHt for some internal paraaitea, the intermediate host 
for otham aiul, occasionally, both as intermediate and definitive host 

for the same species, , j , u 

Most of the parasites tlmt find a haven in the human body have bwn 
awiuited apparently as a result of man’s long and intimate ^la- 
tion with certain mammals, namely, dogs, cats, and ra^ and wifh ani¬ 
mals raised for food and fiber, namely, domestic niminanta and hoj^ 
It is interesting but by no means surpriamg to note llmt man apparent- 
Iv has acquired more pamsitea, especially kinds that a>o ome 
well adaplerl to him, from carnivorous and omnivorous animals, wh^ 
feeding habits he shares, Hian from herbivores. Among the pastes 
that man shares with domestic ruminauta are oerlam nematodes known 

'Boned OE an artlde eaUtM “Pan,alt« rf Aalmata 

to Mao," wbleU appeared la the SonlUwertem VeteriaaTlan. toL t, N - , 
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m trkhostmngyles, nornually acsquired by their hosts through the 
ingestion of forage on which (Jteir larval stages may be present It 
is not Burpmmg therefore that these parasites are largely accidental 
sojourners in tnan, whereas among those ho apparently acquired from 
caTnivores and oiimivoreSj some have become so well adapted to him 
f liat they are among the more common species he can harbor. 

In this paper only a few of the parasites that animals share with 
man will bo oonaidex^ecL The parasites selected for discu5Sioti are 
among the most important on^ in temperate regions^ incliidmg the 
United StatesL 

nUMAN PARASITES ACQUIRED THROUGH INGESTiaW OF ANt&lAL FOOD 

Tlie parasites that man commonly acquires through the consumption 
of animal food include four species, of which thrtfe are cestodesj or 
tapeworms, and one is a roundwonn^ or a nematode. 

CZSTOOES 

Tke broad tapeworm, commonly referred to as the 

broad tapeworm, or the fish tapeworm, and known to zoologists as 
DipJtffTIoholhnti^ii cKKurs as an adult in the small intestine of 

man, the dog^ and certain wdld citmivores. In the intestine of man 
this parasite may reach a si^e of up to 60 feet in length and about 
fourth-fifths of an inch in width* 

Ttie life cycle of the fish tapeworm involves two intermediate hosts. 
Tlie first one is a copepod, or so-called w ater flea, of the genera Di- 
aptomm and and the second 19 a fresh-water fish. In the 

United States the wall-eyed pike, the sand pike, the burbot, and the 
pickerel, among others, are common second intermediate hosts. The 
first intermediate hesat becumfts infected by swallowing the free- 
.wimming, tnicroscopic larvae that hatch from the tapeworm eggs 
in water* The fish or fjecond intermediate host becomes infected by 
swallowing parasitized copepods in which the tapew<irm larvae have 
meanwhile undergone further development, or by eating smaller fish 
that Imve recently ingestefl parasitized oopepods, or by mgesting 
smaller fish harboring the 9till more advanced tapeworm larvae, known 
m pleroecrcoidB, in their viscera and muscles. Man and other defini¬ 
tive hosts become infected wilh the iidnlt or ifrobilate tapeworm by 
eating raw, infected fish. Once tlie plerocercoid reaches the intestine 
of man or of another suitable definitive host, it grows rapidly. When 
matures the tapeworm dischargea enormous numbers of eggs w-hich 
hatch in water, following a period of incubation therein, into the 
free-swjinmmg, ciliated larvae. 

For the propagation of the Ball tapeworm lakes and streams have 
to bo polltitcd by sewage containing the tapeworm eggs in order to 
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enable the larvae that hatch from these eggs to establish contact with 
the first intermediate host Such pollution apparentlj has taken place 
in the Great Lakes re^on during the past few decades. Finlandera 
and otiier northern Eiiropearifi in tliat area who have retained their 
native fondness for raw or smoked or salted fish in which live plero- 
oerooids may bo present have contributed greatly to the pollution of 
lakes and streams to which infestations with this tapeworm have bean 
traced in thiscountry. 

Although it WHS predicted in 1897 that the fidi tapeworm would 
come ondemic in various sections of the upper peninsula of Mich¬ 
igan, where immigrants from Finland, Sweden, and other Bmtic 
countries were working as miners, it was not until 1906 that Uie first 
case of this tapeworm in a native American was reported from Jlnme- 
fiota Before 1906 persons harboring this tapeworm in the United 
States were foreigners who cither brought, or certainly <»uld have 
brought, this parasite with them from their plaoe of origin in Europe, 
especially the Baltic countries. In North America endemic areas are 
lifin n***^**^ and Michigan in the United States and Mauitoba in 


Canada. , 

fU Uef and pork tepeicmiw.—The beef tapeworm, knomi to swlo- 

gists as Taema naginata^ and the related pork tapeworm, Taema so- 
/ittm, ore tio-namcd because the larval or cysticercus stage (known also 
as a bladder worm) of these two peraaitea oociw in cattle and swme, 
respectively. The adult parasite occurs in the inteatino of man. 

The adult beef tapeworm (pi. 1), which may attain a length of 40 
feet or more, consists of a chain of proglottids or segments anchored 
to the intestinal wall by a BO-called head which bears four cup-shaped 
suckers. It has been estimated that the entire tatjeworm colony, or 
atrehilu, consists of between 1,000 and 2,000 proglottids. Those far* 
thcst from the head are gravid, those nearest to it are immatur^ and 
those between these extremes are sexually mature. 
glottids filled with the tapeworm eggs become detached from the re^ 
of the strobila either singly or in small chains and are voided to tee 
outside with the bowel evacuations. If the proglottids reach pastu^ 
barnyards, feed lota, or other places te which cattle have »cresMhe 
segments disintegrate and liberate theeggs. Catde are hl«ly to swal- 
lot hundreds of eggs and become infected with the ^stje ste^ of 
the tapeworm. The cysticcici, which sometimes ^ in large num- 
bers, localise principally in the muscl^ of the I""™ 
hort {pi. 2, fig. 1) and develop into bladder worms, raugingfrom about 
one-fi^ to three-fifthsof an inch in length by half ttat 

The thin-walled bladder wonn cotitams a fluid mte which the bead of 
the future tapeworm is invaginatod. 
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Keatlj a c^tury ago the relation betw(>eii them bladder worms in 
cattio imd the adult tapeworm in the intestine of num was flrat deter¬ 
mined by rigid eaperinients carried out in Germany* Before that 
time bladder worms of all kinds were regarded as aberrant creatures 
of unknown rolationfliip and ivere given di^^tinct names by zoologists. 
The beof bladder worm was called Gysticet^s a name that no 
longer has any scientiSo validity but is still retained more or less in 
the writings of parasitologiats. 

Mart acquires the beef tapeworm by eating raw or rare beef infected 
with bladder worms. When the cj^sticerciie riches the human in* 
testinOj the head of the future tapeworm, already fully formed, 
becomes everted and attached to the intestine ivall, but the bladder 
is digested^ The tapeworm grows by budding off segments in the 
unsegn^ented region just below* the head, tnowm as the neck. The 
newly foraied segments, which are immature, matui'e gradually by de¬ 
veloping in each a set of male and female reproductive organs. Fob 
lowing fertilmtion of the eggs by the sperm the internal organs in 
each segment begin to disintegrate, the proglottid becoming filled with 
the developed tapeworm i^gs each of W'hich harbors a microscopic 
embryo. Meanwhile new segments are being budded off and this 
pushes the others dowii, so that ultimately the egg*filled or gravid 
segments come to be located in the lowest part of the stroblla. It 
takes about three months for the tapeworm in tlie hunian intestine to 
reach the stage wheni it produces the gravid pToglottids* These be* 
come detached from the rest of the strobila end voided to the out¬ 
side, This continues throughout the life of the Upew orm which may 
extend for a year or longer* 

Considering the numerous egga that a siuglo tapeworm carrier may 
ejcpel to the outside with the grarid proglottids every day, we can 
readily see that one such carrier, if he happens to live in a rural com* 
munity where sanitary facilities are inadequate, can become a source 
of infection for the cattle that happen to graze, or cons^ume dry ffOed, 
or drink water, in an area that has become contaminated with the 
tapeworm eggs* That contamination of this sort actually occurs in 
many places in the United States has been shown over and over again, 
especially where the infected individual happened to be the caretaker 
in a feed lot where cattle were being fattened. 
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these parasites out of a total annual slaughter of atout aO^Uion or 
more head. The latest available figure, for the fiscal je^ 10h4, shows 
that 17,40(1 beef carcase were found to be infected with these tape¬ 
worm cysts out of a total slaughter of approximately £8 million 

bovines inspected. . l,- i j 

Inasmuch as the habit of eating rare beef is rather well established 
in this country and the tapeworm cysts in question are injurious to 
health, beef carcasses are regarded as unfit for human consumption 
under Federal meat inspection whenever these bladder worms are 
discovered in them- If only one dead or degenercted cysticercus is 
detected, and this often is the case when the parasite is located m tje 
heart muscle, or when only one or a few live cysticerci are found, the 
carcass is not condemned. After removal with a knife of the 
cysts that are discovered, such carcass is retained by the i^pectors 
lint before it is passed as fit for human food it must be refrigerated 
for periods and at temperatures known to be destructive to the 
<ysticerci, or cooked at a temperature that is known to kUl these 

^ The life history of the pork tapeworm of man is essentially mmilarm 
most respects to that of the beef tapeworm, except that in this case 
hog serves os the intermediate host In man the pork ta^worm ^ 
loi^lixes in the intestine and usuaUy attains a length of only about 2^ 
to 6 feet or roorc. It foUowa the same pattern of development as al¬ 
ready described for the beef tapeworm* 

The bladder worm of the pork tapeworm (pi. 2, %- 2) ^ ye^y ™m- 
mon in swine in countries to the south of us, e^cially Mt^co, Peru, 
and Venezuela. In the las^named country its incidence reaches 20 per¬ 
cent of the hogs slaughtered. The incidence of the f 

man in those countries is not known. In the United Stales this pa 

site, never very common in hogs as far as known, and consequen_ 
common in man, has become exceedingly rare in rec^t 
the fiscal year ended June 30, im, only 4 ho^ out of a total 

year only 11 infected swine carcasses were loujad by ^f^ercl ms^rc 
Jut of oL 57 milUon carcass^ ^rmg the 4 

preceding 1953, the average number of mfected carcasses w^ 19 out of 
I total amiual slaughter under Federal meat inspection of about 50 iml- 

AUh^cted swine carcasses discovered by Federal motors ^ 
condemned* The pork tapeworm is a morc serious parasite ^ 
beef tapeworm for the reason that human beings can s^e as ite mtor- 
mediatTas well as definitive host. An infested individual ini^t 
d^teul contaminate his hands with the tapeworm eggs, t^fer thi^ 

to the mouth, and so become infected with cysttoerci. In human beings 
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the cysticerci localize iii the heart, the brain, and the eyes: Qyeti- 
cerci in the human brain can produce a condition resembling epilepsy. 
Fortunately, very few persons in this country harbor the porh tape¬ 
worm, In fact, this parasite is so rare in the United States that it is 
eicee^igly difficult to find a specimen that has been removed from the 
intestine of man by medicinal treatment. 


ntlcniNAC TSICStSOSia 


Trichinae and the disease trichinosis whicli these parasites produce 
are acquired by human beings by eating the raw or insufficiently cooked 
meat of animals infected with these nematodeB, Animals become in- 
f^ted e ith trichinae in the sumo way. Since iiogs are the only animals 
slaughterad for huznun food in this country that are likely to eat scraps 
of meat, infected pork is tlie chief source of human trichinosis. The 
only other possible source of this disease in the Unitd States is jerked 
bear meat 


Once the infected meat has been ingested, the parasites it contains are 
freed from their cysts in the stomach by the digestion process. They 
pass into tlie small intestine where tliey flevelop to mature male and fe- 
male worms from about 1.5 to 4 mni. long by D.04 to 0,06 mm. wide, in 
two or three days. Following tlie mating of the seses, the females be¬ 
come deeply embedded in the intestinal lining and begin to bring forth 
tlieir young a few days later. The new-born larvae, which are about 
one-tentli of a millimeter long, make tlieir way into the blood and are 
carried by the circulaUon to all parts of the body. They penetrate the 
mdividuel muBde fibers in which they grow for about three weeks and 
then become encysted there (pL 8, fig. 1), Unless the parasitised mus¬ 
cle or flesh of a t nchina-mfectcd animal is eaten by another amf^ptihlA 
animal or by a person, the encysted trichinae ultimately become calci- 
lied Within their cysts and break up into crumbled masses, or die with¬ 
out undergoing calcification, and are gradually absorbed. 

In their developmental cycle trichinae present a number of some 

Hu 1 OS the defini- 

later, 

as the intermediate host by harboring the nest generation's infective 

iS'’thrartrri!S of th^T ^^usfnrthrembSs 

m the arteries of the leg, which necessitated ampuUtion the limb. 
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the eeriam nattzre of th^ disease it can produce, hnn focused aCtantion 
on triohmosis during the past two decades to such an extent that much 
of the valuable data brought to light hy numerous surrey studies some^ 
times has been misconstrued and misinterpreted. The evidence at 
hand indicates that one out of six persons, wh<^ muscles tFcre es- 
aiuined postinortein b}*' special techniques that bring to light even 
very small numbers of trichinae^ showed for the most part a light 
infection with this nematode. There was little or not lung, however, 
in the medical histories of individuals so infected to indicate that they 
had suffered from tricliinosis during life, even including those in whose 
musclea relatively large numbers of worms were found. Such vague 
symptoms ns muscular pain or rheumatism recorded m the medical 
histories of some of tlia affected persons also were found in those of 
individuals who were free of tricldnae. 

The wide prevalence of trichinae in our human population certainly 
affords evidence that pork is a popular item in our diet; that some of 
the liogs in this country ooutain trichinae; and that we sometimes^ 
probably many times in the course of our live«, eat pork that has not 
been sufficiently processetl by heat or in other w-ays to destroy the vital¬ 
ity of all the live triclunae it may have contained. 

So far as known, about two-thinfe of i percent of our farm-raised 
hogs are infected witli trichinae, and the intensity of the infection 
apparently is veiy low. In vei-y feiv of the infected liogs involved 
in studies in the Agriculturfll Kesearch Service of the United States 
Department of Agriculture could the parasites be demoi iterated by 
the direct examination of two or three microscopic preparations of 
muscle tissue taken from the pillars of the diaphxagni. In garbage- 
fed hogs, on the other hand, the incidence of infection witli trichinae 
varied considerably and leaciied in some cases nearly 12 jiercent of 
those examined^ The numbers of trichinae present in about half of 
the hogs so affected were large eiiougli to be readily demojiatrnble iu 
microscopic preparations of muscle ti.smie. In the last two jearsy 
ho waver, most of the States have passed legislation requiring the cook¬ 
ing of garbage to check the spread of a virus disease of swine known 
as vesicular exanthema- This cooking has already been reflected in a 
very sharp reduction in the incidence of trichinae in the hogs fed this 
garbage. 

From the data at hand it may he concluded, therefore, that the more 
serious or clinical cases of trichinosis are acquired for the moat part 
from infected pork obtained from hogs fed uncooked garbage Ttie 
nonclinical or ^eoological trichinods in man, which iiss been so widely 
publicized, is acquired apparently from nncooked pork obtained from 
farm-raised hogs in which trichinae occur as a rule in very small 
numbers. When we consider the fact that pork is one of the com- 
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mcinest: items in otir diet, tdth an annual per capita consumption of 
about €6 pounds, and that the hurried preparation of food, especially 
in lunchroo'ms during the noon hour, is a common custom, it is not 
surprising that one out of si^ persons accumulates during his life 
a greater or lesser number of trichinae. It should bo romomberod 
that once they become encysted in the muscles, trichinae may remain 
there for some jeais. 

Precise information on the number of clinical cases of human 
trichinosis in this country is nnayailable. According to the data 
published by the U. S. Public Heal tlx Service, during the post 10 
years the number of such cases reported to it by the States ranged 
from somerrhat over 200 for 1043, when only some of the States 
reported this disease, up to about 450 in 1048. The aTCrage number 
per year since that time was approiimately 350, witli nearly all 
the States now reporting. The largest number of coses of clinical 
trichinosis have been found on tire Atlantic and Pacific seaboards 
where the practice of feeding hogs on uncooked garbage developed 
to a si aable and profitable enterprise, It is probable that the recorded 
cases F8pre»nted only part of the actual number of cases of clinical 
trichinosis tliat hare occurred from year to year. Assuming, how- 
over, that they represented only 10 to SO percent of the actual cases, 
there would still bo a very wide gap between the incidence of infec¬ 
tion with T. spiralis and that of the disease trichinosis. This is not 
surprising, since it is well known that the gravity of almost any 
helminthiasis, or worm-caused disease, in man and animals corresponds 
in most eases to the numbers of parasites that have invaded the body. 
The outstanding esceptions to tltis role are the veiy largo worms 
that by their si*e or location in vital oi^ns produce serious injuries 
such as, for example, hydatid cysts in the liver and lungs of man, 
ascarids in the trachea or bronchi of children, and tapeworm cysts 
in the brain of man. 

PARASITES WOT ACQUIRED HfflOUGH FOOD 

Mnococows.—Hydatids (pi, 3, fig. 2) are the intermediate or 
cystic stage of a very small carnivore tapeworm known as EcKiiu>^ 
aaacus ffrmmlofus. adtilt tapeworm occurs in the intestine of 
the dog or wild carnivore. It is only about S to 6 mm. long by 0,5 
mm, or less wide, and cson^ists of a Lead, neck? and three segments, 
one immatur^ one mature, and one gravid. The larval or cystic stage ia 
the lar^ of ite kind. It may attain a diameter of a few inches, and 
m man it sometim^ attains the sijse of a child’s bead. Many mammals 
besides man, includi ug catt le, sheep, goats, swine, horses, and species of 
^d amnwls,^ se^a as intermediate ho^ of Eohinococovs, In the 
intermediate host the larval stages, which consist of large bladders 
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filled with ei watery liquid in which numerous tapeworm heads ^ 
present, become localized in the livor^ lun^) spleen, kidney, brain, 
peritoneum, and elsewhere. 

The intermediate host becomes infected with hydatid cysts by 
ingesting the tapeworm eggs eliminated by the de^tite carnivore 
host. Human beings having close contact with infested dogs could 
readily soil their hands in one way or another with the dogs excreta 
and thereby contamluata the food that they eat Petting an infected 
dog would be one way by which the hands could become so soiled, be¬ 
cause dogs often roll on their own or other dog’s excreta. If such 
excreta happens to contain tlie tapewomi eggs, tlve latter might adliere 
to the animal’s haircoat and contaminate the hands of anyone petting 
the dog. 

Fchinoeoccus was of some concern to the medical services of our 
armed forces during the recent war because we had military ^tsonnel 
in Iceland, Australia, and New Zealand, where the parasites were 
known to bo common. Fchitioca/ctiiti infection and the hydatid 
disease which it produces in the intermediate host also are oommon 
m the Middle East, the Far East, and in South America. 

The disease is rare in man in the United States though it is not so 
rare in our domestic stock. During the 5-ycar period 1&37 through 
1941 nearly 12,000 cattle livers out of over 50 million head slaughtered 
were condemned under Federal meat inspection because of echinococ- 
coals; in calves, 1,133 livers were condemned out of over million 
infipectfid during tlio same period. Tlie parasites are known to occur 
also in swine but precise data on their prevalence in hogs are 
able. They were very oommon some years ago in bogs sloughtered 
in Richmond, Va„ Chattanooga, Tenn., and in other meet-slaughtering 

centers. v j 

The strobilate tapeworm, which can develop from ei^ viable head 

in the hydatid cyst, has been found in dogs only rarely in this OTunt^. 
Perhaps this is because most dogs autopsied in laboratories where this 
parasite was looked for were obtained from pounds, where country 
dogs are seldom found. A vigilant Federal, State, or loc mea m 

spection service certainly constitutes an effective barrier to t e 

mental cycle of Eofunococcia. The condemnation and dispos^ of the 
affected organs break a link in the chain that constitutes tlie life cycle 

of a parasite dangerous to man and beast. 

Rodent Two rodent tapeworms of tlie genus Hy^o- 

levis sometimes occur in the intestine of persons, mostly 
Z7. now is from about tivo-fifths of an inch to nearly two inches long 
and less than one twenty-fifth of an inch wide. This parasite, om^n 
in rats and mice, is unusual among the tapeworms m that it has a 
direct Ufo cycle. Rats and mice become infected by swaUowtng the 
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tapeworm eggs with feed and water, Cbildren become infected in 
a similar maiuier bj soiling their bumj a or contaminating their food 
in one way or another with the excreta o^f infested persons. There 
is reason to beliere that there is a human strain of this parasite which 
passes from person to person. It is still problematical whether chil¬ 
dren acquire tliia parasite fi-om rodents, 

A i^lated but larger tapeworm, 11, di»iinuta^ also occurs in rodents 
and, rarely, in human beings. This parasite has an indirect life cycle, 
fleas and other external parasites of rodents, and ceieal-inhabiting 
insects serving as intermediate hosts. Children acquire this tapeworm 
by accidentally swallowing tlie infected intermediate host. 

In studies made in the ISSO’s in Kentucky, Missi^ippi, North 
Carolina, and Tennessee, the incidence of infestation with H, nma 
ranged from a fraction of 1 percent to 2,7 peirent, with a peak in¬ 
cidence of 3.6 ]iercent in cluldren 5 to 9 years old in Kentucky. 11. 
ditAtnuUt was found only oocosionoUy, and not in all the States 
surveyed. 

The dog tapevooiffi,~^Di]^yUdiiim canlntm^ which lives Ln the dog, 
cat, and in a munber of wild carnivores, sometimes occurs also in 
cliildreit, localizing in them, as in its animal definitive liost, in the 
small intestine, The dog louse, the dog flea, and the human flea serve 
as intermediate hosts. Dogs and cats become infected by gnawing at 
their fur to relieve the irritation produced by eetopaiasU€& Children 
acquire this tapeworm either by accidentally crushing the infected 
ectoparasites and then licking their hands, or by contaminating their 
food with the larval tapeworms, known as cysticercoids, or by being 
licked by a dog on the tongue of which these cysticercoids are present. 

iNTCStiiyAL Bovsniiroaus 

Attcaria luiahrkoid&i., an mtestinal parasite of man known since 
ancient dmes. Has a world-wide distribution and is undoubtedly one 
of the most common worms affecting human beings, especially persons 
living in rural areas and else where where sanitation is inadequate. 
Aacdria is the parasite to which people everywhere usually refer 
when they speak of intestinal ‘‘wonns.” It has been estimated that 
about 30 percent of the world’s population harbora this worm and that 
about 45 millions of tlioeo ao parasitized live in the Western Kemi- 
spherc, mostly in the warm portions thereof. A closely related but 
morphologically indistiugmslmble worm, son\etime 3 referred to as 
Aicatia suu^, occurs in pigs tlie world over. The porcine worm, 
though considered by most parasitologists to be specifically identical 
with the human ascarid, is sotnetimes designated us a host variety 
thereof under the name Aacarta lumbriootdet var. le tf it (pi. 4, lig. 1), 

Like that of some other nematodes of the family Ascaridoe, the 
early development of Aacana involves a roundabout journey of the 
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newly hatched, microscopic krrao. In tlus esse the ioiiniej is ioitieted 
in the mtestine where the infective parasite eggs, which have been 
swallowed with contaminated food or water, hatch. The emerging 
larvae penetrate the intestinal wall and migrate to the liver by way 
of the blood stream, and thence to the lung®. Here the krval worms 
become free in the olvenli or nir spaces (pi. 4, fig. 2) by rupturing and 
then escaping from the capillarieSi The lam'ae get to tlie bronchi and 
trachea by upward migration In the lunge. They continue their 
migration to the pharynx and from there back to tJie intestine, after 
being swallowed. In tbe intestine they develop in about two montiis 
or less to egg-laying maturity, and ultimately reach a length up to 
about a foot or so and a tliickness oscccding that of an ordinary lead 
pencil. 

The migratory instincts of ascarids are by no means satisfied, how¬ 
ever, even after their merry-go-ronnd through the body during their 
early larval life. The grown worms, wiiich are among the moat in¬ 
jurious parasites of aimals and man, also exliibit a strong tendency 
to wander. Some pass into the stomach and are vomited up, and otli- 
ers continue their migration to the esophagus and from there into the 
trachea and bronchi where they can produce asphyiiatton. Deaths of 
children in the Tropica by ospliysiation so produced ia by no means 
rare. Some ascarids migrate to tlie pharynx and got into the nasal 
cavities. Ascarids have been known also to leave the body through 
the external ear after having perforated the middle ear. In fact, 
they have a tendency to push into narrow spaces and ducts within 
their migratory paths, and frequently get into the hik ducts and even 
the biliary canals and obstruct the flow of bile. In pigs this obstruc¬ 
tion results in icterus or yellowish coloration of the flesli, a cause of 
condemnation of entire carcasses under Federal meat i^pection. 
Moreover, a large number of worms can become so ineitricahly en¬ 
tangled with one another in the intestine that the resultant coiled 
mass can produce intestinal obstruction. Th^ and other mechani¬ 
cal injuries produced hy the large aacaritfe are in addition to those they 
produce by eUminating their metabolic products into the host’s in¬ 
testine, Some of these products, toxic in nature, have been ex¬ 
tensively investigated by chemists and pharmacologists. 

Whether the pig Aicam can reach egg-laying maturity m the Im- 
man intestine is still a moot quretion. Tlie evidence at hwid affords 
conclusive evidence that the pig Atcaris can undoubtedly infect ^ 
to the extent of undergoing its larval migrations through the liver 
and lungs, as it does in its porcine host. However, the worms are 
apparently eliminated from the human intestine before reacbmg 
maturity- The bulk of the experimental work involving the inge^on 
by human volunteers of AaearU eggs of porcine origin pomts to these 
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oondiiaionSj perhaps with ona or more posaihle but questionable excep¬ 
tions. The ability of pig ascarids to migrate to the liver and 
of human beings and to produce hepatic and pulmonary symptoms 
and lesions places this parasite in the category of a human pathogen, 
oven though it probably does not develop^ or develops only rarely, to 
fertile maturity in the intetuie of man. 

inGRATINC LARVAL PARASITES 

Vkcer^ larval mi^ranA .—Sinco many nematode parasites wander 
extensively through the body before getting to their ultimate location, 
it is not surprising that immature migrating worms are trapped from 
time to time in various organs ojid tissues through which they pass, 
without reaching their ultimate destination. It appears to be well ea* 
tablishedf moreover, that with repeated inTasions of migrating larval 
nematodes the tissues through which they pass may become sensitissed 
to them and the parasites tend to become arrested and trapped thew- 
In fact, certain liver and lung l^ions that are sometimes seen in ani¬ 
mals and man appear to be due to a reaction to repeated assaults by cer¬ 
tain nematodB larvae. In the main, visceral larval migrans, as this con¬ 
dition is called, has been associated with the larvae of the zoological 
family Asoaridae, species of which occur in man, swine, and pet ani¬ 
mals. The tissue reaction is characterized by small inflammatory foci, 
observed as a rule in the liver and lungs, in which the infiltratmg oeUs 
are predominantly eosmophiJic leucocytes. This reaction has been as¬ 
sociated in man with larval A$cans lumbricmdeA and also, more re¬ 
cently, with the larvae of carnivore ascarids accidentally acquired by 
man. Some of the earlier association of jIschtiV liimbricoides larvae 
with visceral larval migrans in man is considered by some recent inves¬ 
tigators to have been due perhaps to the larvae of ono of the dog 
ascarids, T<^^ara Recent observations have shown that the 

larvae of these ascarids and probably also those of Oic closely related 
cat oscarid, 3^. are involved in iho production of the visceral le¬ 
sions in man. It would appear, therefore, that migrating nematode 
larvae in a strange host^ in this cose carnivore ascarid larvae in man, 
can evoke liver and lung lesions that migratmg larvae in a natural host 
apparently evoke as a result of a previous sensitization. At any rate, 
these stuiRea, still in the early etago, have pointed up the danger to 
human beings, and especially children^ from parasites of pet animals 
and probably also other animals, the eggs of which may contaminate 
food or water or he ingested in other ways. 

—This condition involves the gkin and is 
related to viscera] invasion by strange parasitesw In cutaneous larval 
migrans the causative parasites enter the body through the intact skin- 
The larvae are trapped there and produce by their movements under 
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the epithelial layer rather severe lesions, with accompanyijig imtatio^ 
In the United States a skin condition knovm as craping eruption is 
caused by the penetration and subepithdial migrotion of dog end cat 
hookworm larvae of the species Aneytostoma hTaztliefa^. Creeping 
eruption is fairly common in the coastal regions of the South where 
A, hrazUicnss also is common in the intestines of dogs and cata Ih 
these carnivores the hookworm larvae develop to the adult st^, fol¬ 
lowing their entrance into the body through the skin and th^ sub^ 
quent migration to the lungs via the blood str^m.^ Ftom tho ungs e 
larvae reach the small mtcstine by upward migration m the respiratory 
OTStem until they get to the pharynx and mouth, and go from there to 
the stomach and so on to the intestine. A. iraeUiente is a rare paw^te 
of the intestine of Tnam because the larvae cannot extricate themselvea 

from the human sltin or can do so only rarely. 

On beaches and other places, where hookworm-infected dop imd 
cats have defecated and therefore conUminated the sand or soil with 
the worm eggs, the larvae that issue from the ^gs and metamorphose 
by two successive molts to the infective stage, are attracted to the nak^ 
KiiTHBrt skin and penetrate it Their subs^uent migrations under ito 
subepitheliol layer form the tortuous tunueb that characterme this 
cutaneous disease. Tho intense irritation that the Urval migra^ns 
in the skin can cause leads to scratching of the affected areas. This, 
in turn, aggravates the condition by causing these areas to become 

mflamed- 
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Some Observationg on the Functional 
Organization of the Human Brain 


By Wilder P&NriEUr 

3lon^rMl Neurological Intitule 
Pfo/pwr of jVBizr-nfoify ond Neurosurgery 
McGiU Uah'mijy 


[Wltti ] Entire] 

In Proverbs it Is written; “For as be tliijiketh in bis heart so is 
lie^” and again in tho New Testaroent a tiiousaiid years 2ater at tho 
lime of tlie birtii of Christ, “ilary kept all these things and pondered 
them in her heart.” It was only yesterday Uiat Vannevar Bush 
slipped hack into tlie same manner of speaking: ‘‘The seat of etJiica,” 
he said, “is in our hearts, not in our minds,” (I’m sure he must bo 
flattered hy the succession in which he thus appears!} 

Rut in the Elizabethan cm even Shakespeare spoke otherwise, ro- 
ferring to the “brain which some suppose tho soul’s frail dwelling 
house.” Medical men had by that time come to consider tho brain to 
be the organ of the tiiind, believing that it functioned in some mye* 
terious manner as a whole without localization and s|)eciii]izatioii of 
functions. Even today, althotigli we are awed and even frightoned by 
the intclIectHaJ achievement of man's mind, tlic mechanisnia that mtikc 
it possible are still unknown. 

Knowledge of the outward form of the brain is well advanced. 
’Hie pnlliways of sensation and of movement witJiin the brain have 
been, and are being, charted. Rut what of tlie neurone mechanisms 
involved in consciousness, perception, memoiy. Far off. It seems to 
me, we hear the humming of tlie machinery of the mind and from 
time to time, we gain fleeting glimpses of its action. But still we stand 
in awe upon the threshold of imderstanding. I eliall describe certain 
glimpses that have come to me by patience and by gootl luck. 

But first I must make reference to what is common knowledge of 
the human brain (pi. I). TJie mechanisms of reflex movement arc well 

‘Henriiitert br pemlaaivn from Piwwdlaes et tbe .linaerJcan 
ffocietjf Tffi, flig, Np- 5p, Oi-'tober 
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worked oat. Voluntary action is produced bj nerre impulses that 
originate within the brain and pass out along a succession of nerre' 
(»1J nerve-hber connections into the peripheral nerves and so to the 
muscles which make movement by their contraction. 

We know something about how the sense organs in the eye, the ear, 
the nose, and the skin transmute the stimuli of light, sound, floating 
particles, and touch into afferent streams of nerve impulses. These 
streams follow separate pathways into the brain to make possible the 
functions of vision, hearing, balance, smell, and touch. These streams 
of sensory impulses, which are like electrical currents, differ from each 
other in that they have separate goals in the central nervous system. 
The nerve cells in each goal, when activated, send on impulses into the 



FiCvse l.'^A tckcdutic npRimutkin of the iaterconiicctiion of neu foae timiit* bewaefl 
the higher brain etrm and the earioiM functuMul ueji of the eotte* of hath heroiipherei. 
Thcic Donverging conDcctiom and the intrgratldg mechaniinu within the brain tuni 
nialc up the eeoireoctph*lie tritem. (FrrMn Penlield and Jarper, “Epiiepty and the 
Fuactwnat AuiDuy of the Human Brain,*' Little, fitown and Co., 

neorone ciicnito which make possible conscious perception of things 
seen or heard or felt. For example (see fig, 1), the visual pathway 
lea^ from eye along optic tract (ot*T. t.) to visual ceuter in the 
occipital lobe of the cerebral cortex, but from there impulses pass on¬ 
ward to play a role in the more complicated mechanisms of integration. 

But what of the neurone mechaniams of consciousnossf What of 
thought, memory, behavior, and speech 1 Here the experimental 
physiologist stops. He can help us little. Here we must consider the 
brain and the mind of man himself. It ig true that Pavlov and others 
have ^wn some light upon the parts of the brain used in animal 
behavior, and in learning, by study of the conditioned reflexes. But 
this takes us such a short way toward the basic understanding that we 
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Certain general principles of organization emerge* The area of final 
coordination and integration of nenrona act iritj in the central nervous 
system is evidently situated in the higher brain stem. These coor¬ 
dinating citcuiitB ore essential to the very existence of consciousness^ 
Almost any mterference with thk portion of the DeiTOUS system, 
either by compression or disease, produces unconsciousDeas* This is 
the portion that has ^mmetrScal connections with the gray cortex 
of both hemispheres. It contains a converging and diverging system 
of nerve-fiber cxinnections which we may call the centrencophalic ays- 
tem bo indicate that it constitutes the functional center of the brain 
or encephalon. 

The centrencephalic ^^stem occupies what may be called the old 
brain corresponding with the rudimentary head of the central nervous 
system of lower forms of life. 

Higher mammals, and especially mon^ are provided with super¬ 
imposed hemispheres covered by an ever more extensive mantle of 
gray mstterj the cerebral cortex. This gray cortex is cx^mposad of 
millions of nerve cells, or ganglion cells, and, in the case of man, the 
cortex has so increased in extent that it is formed into deep folds or 
fissures that convert its surface into convolutions. 

Each of the functional areas of this cortex is^ in a sense, a separate 
projection from ttie brain stem so that each portion makes possible new 
and more complicated function (fig. 1). But no area of cortex is 
independent and none is capable of effective function w ithout its cor¬ 
responding portion of the old brain. Indeed it seems to be through tho 
brain stem that the new capacities of each area of cortex arc utilbed. 

Tlius it is that the sensory areas of the q^rabral hemispheres are 
no more than way stations in the ^veral curi-onte that carry different 
forms of sensation into the csntrencephalic integrating ^'stem, and 
the cortical motor areas ana way stations in the stream of outflowing 
impulses that produce motor activity. Largo areas of cortex may be 
destroyed or removed without producing unconsciousness although 
this does interfere with the function to wliich the injured areas wens 
devoted. 

In order to treat certain conditions such ss focal epilep^, it is some- 
times necessary to operate under local anesthesia and to stimulate the 
brain of conscious men and women with gentle electrical currents^ 
WTien applied to the motor area of the cortex such stimulation pro¬ 
duces crude movemeRt becau^ the current is conducted outward 
through the spinal cord and nerves to the muscles. This current does 
not enter the integrating area and the patient is surprised to dis¬ 
cover that his lian^ for example, has been caused to move- 

If the surgeon^s electrode is applied to one of the sensory areas 
(somatosensory, hearing, vision in fig. 2), the impulses do pa^ into 
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the centreticeplialic uid the p&tient reports that he feelG or 

hears or sees something, the nature of the sensation depending on 
the area selected. But the sensation that he experiences does not 
resemble things he sees or feels or bears in ererjday life. Instead, it 
is a erode sensation such as simple lights and colors or a tingliug of 
the fingers or a ringing sound. 

But the sensory and motor elaborations of function are not the only 
uses of the cerehnd cortex. There are large areas that are devoted 
to ivlmt may be called psychical function, particularly in the anterior 
frontal lobes and the temporal lobes. Tlie most remarkable change 
in brain form, passing up the scale from dog through monkey to man^ 
is the oomparatire enlargement of frontal and temporal lobes, and 
there can be little doubt that this is associated with inan*s supreiuacv 
in the intellectual sphere. 


MhmiLVKENTAnV 



2.—LAtdIixatiDn of Kune of tlic fimc(wn»l *k» of the coritr. (Pnsra Pttiiicld, W., 
Obtervailatu on Knebnl (octliuibn of fuactiDn. IV, Compt. Read. Congrci NrueO' 
logiaue tucenutigntt, Pjtrii, 1949, vol. 1949.) 

Bunng the past 20 years it has been my good fortune to discover 
from time to time tliat similar stimulation of the temporal lobe cortex 
occasionally producwl « p^chical response, sometlnng of a different 
order from the motor or sensory effects previously described. 

Tiie patient might exclaim in sudden surprise that he heard music, 
or that he lienrd a well-known person speaking, or that he saw some- 
tiling he had seen bofoi'e, or that he was himself taking part in a 
former experience in which he was himself an actor. 

At such times the patient continued to be aware of the fact that he 
lay upon the operating-room table, and yet the recollection continued, 
in spite of lumself, as long as the electrode was kept in place, to vanish 
instantly when the electrode was witJidrawn, Brief examples mav 
be given. 
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A young woman heard music when a certain point in the superior 
surface of thn temporal cortex was stimulated. She said sho heard 
an orchestra playing a song. The some song was forced into her con¬ 
sciousness over and over again by restimuJation nt tho same spot^ It 
progressed from verse to chorus at what must have been the tempo 
of the orchestra when she Iiad heard St playing thus. She was quite 
sure each time that someone ha<l tamed on a gramophone in the operate 
ing room. 

A South African who was being operated upon cried out in great 
surprise that he heard his coi^ins talking^ and he explained tliat he 
seemed to be there laughing with them although he knew he was really 
m the operating room in Montreal. 

There were many otlicr examples of hearing music but always the 
patient heard a singing voice^ or a piano, or an organ, or an orchestra, 
and sometimes he seemed to be present in the room or in church where 
he had heard itp TVTiat he heard and experienced was a single occa¬ 
sion recalled to him ivjth a vividness that was much gi'eater than any¬ 
thing ho could summon voluntarily by effort of his wiD. 

If the individnsl was a^ed later to recall tho song he might be 
able to sing it, but he might not be able to recall the circumstances of 
any one previous hearing. Ills later inoniory of the song was a 
generalization. On tlie other haud^ the electrode bad reproduced 
for him one single previous esperience when be had heard the music 
and it awakened In him the emotion which that particular situation 
had originally roused mhini. 

In summary it may be said that the electrode, applied to tlie tem¬ 
poral cortex, recalls specific occasions or events so that the individual 
is made aware of everything to which he was paying attention during 
a specific interval of time. Such responses have follow cd stimulation 
only in casea in which the cxirtes had been the rite of previous habitual 
epileptic discharges. jVJ though the content of tho recollection thus 
evoked often bears no relationship to tho psychical content of the 
seiaturOj it is po^ible that tlic cortex has been rendered more readily 
stiirtulable by the epileptic state. 

These resulti^ were obtained in the temporal cortex only (fig. % 
memoiy patterns), an area of the bmin to wtudi no certain function 
hag been previously ascribed. I must conclude that there are in this 
area permanent mcords of these experiences preserved somehow in the 
form of ganglionic patterns that can be reactivated by the electrical 
impulses delivered to the cortex by the operator’s electrode. 

It may be assumed then that in this area of cortex each successive 
conscious experience is laid down in a relatively permanent pattern 
of nerve-cell connections that records all those things of which a man 
is conscious at any given time. It is ns though the cortex contained a 
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ooatinuous strip of cmemntographic film, a strip that includes the 
Traking record from childhood onward. 

One must assume that the right and the left temporal lobes give 
similar eervica in this regard and that the memory record is duplicated 
on the two sides since removal of a large part of one lobe does not 
usually interfere with a man’s capacity to recollect or to recognize 
the tbings scon before. 

Presumably these patterns are no more thon pathways of perma¬ 
nent facilitation through preexisting connections of many branching 
nerve When the electrode is applied the emrent seems to 

follow again this pathway, slowly, stea^ly, while all other neigh¬ 
boring pathways are somehow closed by the influence of some all- 
or-nothing principle* 

There is other evidence that such detailed patterns of previous 
experience are preserved within the brain. Tt^e an example from 
w^t most ho your own experience, as it has been mine. Let us 
assume that you have not seen a friend for many years. Once you 
knew him well, but now, after 10 or 20 years, you cannot pictan; 
him and certainly you could not paint his picture. 

But suppose you come upon him unexpectedly. As he turns and 
looks at you and anilea there is a sense of familiarity. Suddenly 
you recognize your former friend. But even as you focus your 
attention upon him you realize he is altered in little ways. There 
is a difference between this moving, talking, laughing individual 
and the record of him tlmt is preserved in great detail in your own 
brain, the record yon could not hai’e conjured up a moment before. 

I^low you see new lines in his face, an altered stoop to the shoulder, 
a strange slowness of movement The voice is the same perhaps and 
the eye seems to twinkle with the same old understanding. You 
probably dap him on the back and tell him (for his own good) that 
he has ‘'not changed a biL” But even na you shook his hand you 
had felt another alteration for you perceived that the joints had 
thickened. 

You feel the necessity of calling lum by name. That requires a 
separate physiological act, for the mechanism of speech and the 
whole proc^ of summorring words that are appropriate to the con¬ 
tent of new thought, bear only a distant relationship to those aspects 
of memory induded in our present discussion. 

It is obvious that you have preserved the records of the way your 
frieud walked and talked and smiled during a long succession of 
interviews. "When you met him again you reopened the old “file,” 
rediscovering and reviving its contents* These are not portraits 
of still life j they are strips of action, eadi ous as long as the periods 
of time during which you focused your attention upon him. 
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This must bo the same sort of strip that tho ueurosurg;eoii had 
stumbled upon trhen ho placed his exploring electrode at raudom upon 
tlie patient's bypemumtive oortes, A gentle electrical current^ of 60 
impulses per second for example, applied at a point on the temporal 
corte% acti vated one strip of experience and only one at a time. Thus^ 
past experience wa« brought into the present, and the patient was 
aware of a doubling of his cx>nsciou9nes^ An experience on a South 
African farm and present experience in a Montreal operating theater 
are presented to consciousness simultaneously^ The man himself 
pointed out hia awareness of the incongruity of the situation in his 
initial exclamation. He made his own decision as to which was the 
true present, and which must he the counterfeit. Patients often say, 
‘*this IS not a memory, it is more vivid than that-” The mechanism 
which the electrode has brought to light might well be considered 
an essential element in the veiy basis of consciousness by use of the 
following hypothesis : 

The pattern of each succesrive experience is somehow projected 
from the centrencephalic system outward to the temporal cortex on 
the two aides (including hippocampal regions perhaps) in a contin¬ 
uous flow of patterned impulseSi a flow that is interrupted only by 
deep sleep or by coma. It would seem that the projection could only 
come from this central integrating area, since it is there and only there 
that all sensory and psychical elaborative circuits converge. Each 
experience is made up of those elements of sensation of which a man 
is, for the moment, aware, together with his interpretation of each 
experience and the attendant emotion. 

It must be that this outflow of nerve impul^s creates a ganglionic 
pattern in the temporal cortex although perhaps not wholly there. 
Furthermorej it may he. that a reprojection of impulses back from the 
temporal cortex to the centrencephalic system occurs invariably like 
a reflection in a mirror, a reflection of which the individual takes 
oognizanco. That may an extraordinary hypothesis, and yet if 
stitnoiation with a simple electrical current caji recreate a total ex- 
peri encej the reflection mechanism exists. Tbc neurone record is tliero 
and the records of previous similar experiences are there aI$o 50 that 
judgments of familiarity or strangeness may be made and other elab- 
orativo processes. I suggest that reflection or reverberation back into 
the centrencephalic or iutegrative circuits must occur normally. 

I would sxiTmiso then, that the neurone processes involved in the 
original creation of the record of present experience are those involved 
in tho act of attention, and that the instantaneous reprojection or re- 
flection of the record back again together with some sort of reflection 
of previous similar experience conatitutes on essential neurone mecha- 
nistn in cousciousnes®. 

&Te9eo—Be——an 
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It is obrious that nerve impulse is somebow converted into thought 
and that thought can be converted into nerve impnbe. And yet all 
this throws no light upon the nature of that strange conversion. 

Before certain problems the scientist will always stand in awe. Per¬ 
haps ho may be forced to moke another approach—^to what was called 
in old time ‘^the heart.*' However far our successors in those studies 
itiAy go, it is my belief that the machine will never folly explain the 
man, nor mechanisms the nature of the spirit. 


Reprints of the various articles in this Report may be obtained, as tong as 
the supply tests on request addressed to the Editoriat and Publications 
Division, Smithsonian Institution, Washington 25, D. C, 




The Place of Tropical Soils in 
Feeding the World ‘ 


By Robebt L, Pemjleton 

Pro/euor of Trnpicfll Soilf ami 

Th« l>ffpa/lni«JiJ of Gtogtaphy 

Tht JohnM HapkinM Vaiverrity 


WiLAT AEZ Tim p<s^iwuTiEi> Slid IimiUtioiis of humid, tropical^ low¬ 
land soils ^ Wlmt tlieao soila contribute to dm feeding of tlm 
world i Why tm they not contribute so much as many persona think 
theycan? 

Xow that the airways offer more facilities and ease for travel, hun- 
clreds of pcisseiigers are fl 3 dng over the enormous and magnificent 
equatorial forests of the Congo and Amazon Basins. Literally from 
an nr inch air, high above these forests, the layman who hns enongh in¬ 
terest to look out of die plane window, down upon Uie Insh vegetation, 
easily gets die idea that the potentialities of tlie Tropica are unlimited.* 

Befoi-e it was possible to travel so easily above these vast and mag- 
nificent forests, the relatively few travelers who saw the humid, tropi¬ 
cal river valleys such ns the Amazon did so from the vantage point of 
the small river steamer or dugout canoe. Usually gallery or fringing 
forests stand along the river bonks; and not so far back from the river 
are opel^ worse thon grasslands. Before the age of air traveh 

the occasional traveler on the rivets undoubtedly obtained an exag¬ 
gerated idea of the extent of the tropical forests. But such travelers 
did have, fI'om time to time, opportunities to go asliore, and perhaps 
to get something of a wonn‘s-eyB view of tlie forest. A United States 
agricultural altacho in Venezuela, plaiming a trip up the Orinoco 
River, was being dissuaded bj- a river Ijoatman with tlie remark, *^Whj 

* Stibttitflnce of a lecturo dellTered before of tUo Land'' in diiCftEo, 

July iar>3. ReerlntvU by pernilsaloD fretn CelLm^ voL 4, No. 4, NoveinbeT IW. 

‘Tor D more exlprided dlfteasalim of rebittoai ta bumiit Lrofileal r^ona 

see PJerre (jourour Tbo Tropical WorlU* irjS pp.^ London. For tbe best 
anil mo 4 t re^nt discussion of the nature, <>rl^ln* oud cluBsmcatlon of tropical 
BoUa* aee E. €. JuU Mohr und Pp A- van B»ten« Tropical SoUa, pp,, 195C 
New Tort. 
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do you wont to go up this river! There’s nothmg up the river but 
the banks,” 

It is also true that a travekr oti foot through humid tropical low¬ 
land forest gets the Idea of lush vegetation, end the impression that 
the abil!I;y of the soils to produce plants is unJimited. Often these 
forests are so thick and dense overhead that Beldoni can ho see the 
sky. If standing on tlte forest floor, he does not know whether it is 
raining or whether the sun is shining up above the forest, until the 
raindrops begin to fall to tlie ground. Where he must keep to the 
trailj or cut his way through the vines and ground cover, and where 
he is continually oppressed by the den^ne^ and gloom of the forest, 
to say nothing of the leeches reaching out for him from the shrubbery' 
along the path, he finds travel in these forests extremely unpleasant. 
The difficulties of traveling through the equatoriol rain foldest of the 
Congo basin are described, with great Testraint, by Stanley in his 
^^Darkest Africa,^* though the woodcuts are totally inadequate to repre¬ 
sent conditions within an equatorial forest. Yet after many failures 
to get an adequate photographic record of conditions in the forest, tlie 
cameraman is not inclined to be so critical of woodcuts I 

DIFFERENCES UETWEEN TEfttPERATB AND TROPICAL REGIONS 

The differences between temperate and tropical regions and the vast 
and rich, almost unexploited, timber and soil resources especially of 
the Tropics continually appeal to the stranger." He cannot rid him¬ 
self of the idea that there arc vast fortunes to be made in tropical 
regions, or, at least, that unlimited quantities of raw materials needed 
in temperate atones can be obtained in such areas. An outstanding 
example of this is the so-called groundnut scheme of Great Britain 
which was undertaken in British East Africa. This resulted in a 
shocking loss of capital, and the final results in oil produced were 
disappointing, to put it mildly* Then tliere have been the efforts of 
others to produce food in South America. Recent eyewitDffis reports 
are to the effect that these schemes are producing most meager results, 
consideriiig the Investment of capital. 

The history of agriculture in Malaya, Ceylon, and elsewhere in the 
humid low latitudes in the production of rubber and tea is scarcely 
known in the States, but &0 years ago the soil erosion in the orchard- 
liko tea and rubboT plantations in those regions was appalling. Tea 
and rubber seem to be able to get along on soils with only modest 
amounta of plant nutrienta, though for profitable production on ex¬ 
posed subsoils (for the surface soil has often long since been lost) 
both those crops respond well to appropriate appUcationg of com¬ 
mercial fertilizere. 

-rot fl gropltlcalJy iUuitfated eccoaat the Btlra, cr tropical tala forest, 
see Life magoilno, September 20,1954, p. TO ff. 
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Too often, howcTCT, particularly in the Test interiors of equatorial 
Africa and equatorial South America, there has been too little erosion. 
The residual products of weathering have accumulated, after the 
principal nutrient materials Iiave long einoe been leached from the 
soils: iron has accumulated os laterite, less often aluminum as bauxite, 
or more often as kaolinitic clays, and silica as quartz sand. It may 
seem rant heresy to emphasize the fact that any region can suffer 
from too little erosion, but this certainly is the case in considerable 
portions of the one tropical region which I know best, Thailand 
(Siam). 

TOE SOlLrFOREST COMPLEX 

It is likely that these magnificent forests in humid equatorial low* 
land regions started when the soil was not so poor, when rocks had 
not yet weathered so deeply, so that there wos not such a scarcity of 
plant nutrients in the surface soil within the reach of the roots of 
the forest trees and other plants;. The forest developed great luxuri¬ 
ance, while the tree roots went deeper and deeper. As long as there 
was no general destruction of the forest vegetation, there was very 
little loss of plant nutrients within the reach of the tree roots, for os 
BOOH as one tree died and fell to the ground, it was quickly attacked 
by termites, mold, fungi, ate., and within a year or two, practically all 
the plant nutrieiits were liberated in the mineralization of the plant 
materials. Boots of the surrounding tretjs and plants immediately 
took up these nutrients. Tliey were taken back into the forest vege¬ 
tation without any considerable proportion being lost to the deeper 
percolating waters. In other words, the plant nutrients were being 
cycled—used in the forest vegetation over and over again. But the 
soil itself was changing. Weathering had b^iU progresdng deeper 
and deeper. While most of the plant nutrient substances were being 
hold by the roots of the vegetation, small portions were lo^ by too 
rapid percolation and perhaps some by erosion. The mineral soil 
itself was becoming poorer and poorer. 

Felisbcrto de Camargo has described one of the most striking ex¬ 
amples of a magnificent dense and tall equatorial forest (selva) which 
had developed on a soil that has proved a serious disappointment for 
annual agricultural crop production. This is the country through 
%vhich runs tlie railway from Belciu to Bragan^a, state of Para. 
Bmril.* South of the mouth of the Amazon River is an enomous 
region of low, rolling country on which once stood a magnificent 
high tropical rain forest. Some 70 years ago the government under- 

‘Felisberto C, fle Cftiaargo, Terra en colonlratao no untl^ * novo Qantemarto 
dn 2 ona dn eelnda do Fem de Braj^cii. Eatado de Pnr*. BnuLI. Bo!. Mns, 
Paraange E. Ooeldl. voL 10. pp. ISa-HT. tin EnRlIsh fn Dept, State Pnbl. 

33B2, lotamaHonal Orgaiitsatloo and Ceaference Serlea 2, Ajoerlcoa Republic* 4, 
Beet8,[KP,S13-m) 
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took to develop this region. There was great need for development 
of the ^va to the east because a few hundred miles to the soutlieast, 
in northeastern Brazil, is an area where droughts are chronlo. Even 
during recent years thousands of villagers from this drought-stricken 
region have b^n going sonte hundreds of miles by road to Sao Paido 
for work becaiuie of the too rigorous conditions in the nortl^eftst- 
WTien in Silo Paulo in 1040 I remember clearly seeing the truckloads 
of peasants coming in after a week or more of dusty travel by road 
from the noiihcastT where they could no longer find any way to make 
a living because of the drought in their arid and too often rainless 
country. 

Asa start in developing this Braganga region, the government built 
a railroRd east from Bel^ and assisted villagers to come in from the 
diy regions of northeastern Brazil. Settlers: came in^ the land was 
cleared, and crops were gromi. The first crop following the dearing 
of the forest was often very encouraging, but thereafter the crops w^cre 
extremely poor. It soon became evident that it was futile to cultivate 
these very poor sandy uplanit soils continuously in an effort to develop 
a pemtanent agriculture on them. 

Before his most untimely death m 1943^ Geoffrj SOlne, soil chemist 
to Tanganyika Territory^ British East Africa, contributed greatly 
to a better understanding of tropical soil-plant relationships. As a 
result of his field studies in Trinidad and British Guinnn * ho pointed 
out that “It is true that in better known floras there are always a few 
%dicator’ plants, but all plants must indicate somethings and what 
most of them could fell about the soil is quite insufficiently knowni” 
Milne continues that— 

ihe aiflScultlcs due to ttic ajituro of tiie aoll-plaut reJotlorteJrlp mny be stutpl 
brTefly thm: 

(]J However falthfallr n natural vegetal Eon may refleet the m]l eoufUtloru; 
tlkat have proTnoted St, we esnally propcrite to change or reoiDve that ve^taUac 
for the pur^boge of our vaes of tbo laud, and we ^baU tliorehy ebati^ the cofirll- 
tloaa, perbfiiKi fuadomentally. A and Ua plMDt cover have luterloddoi; 
IdentltlGs*: and vrhnt we have thotiirht of as forest $olto or prairie aoIIa cease 
10 be stjcli within a abort period after the treeo have tieen cut or the &od ttirned. 

(S) Utio pol! properties that are slantficsut to n natural vegetation and receive 
exprcsalon ih it bto oot nece^arily tlioso thnt will be of moat slguiflcAuee to 
Ihe crop propctsed for replaciiiiz It. Crop plante will imuall^ have a more nrsent 
dccuind for nntrlenlB and mny have u cllireront rari^ of toloranoes. 

JUlne visited a project on the island of Trinidad irhere imttiral 
forest of mediocre value had been cleared and the land used for annual 
cropa. The settlers of East Indian stock had not been able to continue 
cropping the land for more than a few rears because the productivity 

' G, MiTnc. A report on a Jpumer to parts ot the Wc»t IniJlea and the Untted 
Stale* for the etndr of aolls, Fehrqanr to Asgtirt lOM, East African Aur. Res, 
Stat, Ameiii, Tenganyllta Territory, 78 pp., ItNiO, Ooremment Pwss. 
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had dropped very rapidly, was oonviaeed that oeitlisr the 

peasants^ lack of skil l oor soil eroe^ioti hi aoy form could be blamed 
for the almost complete abandonment of the holdmga wlien he visited 
the area. 

Milne also describes conditions in a forest reserve in Trinidad j 
whfii^ temporary saltiers for one year only had cut the forest, made 
charcoal;, and raised one crop of food in lieu of wages. He stated 
ihat the Forest Department liad^ however, experienced the greatest 
difEculty in cstablisUiug the desired stand of valuable (indigenous) 
Traes on land that had been cleared and cropped in this manner. On 
the occasion of llUne^s vUit the Conservator of Foreatg expressed 
the opinion tJiat giving over tlie ground to the cultivator for even one 
year had been an expendve mistake. The replanting opeFatlons had 
been handicapped thereby to the |>oint of defeat The only hope of 
replacing natural forest by commercial forest lay in pi^serving the 
^{mtinuity of foreeI tkrouyk tke tmnmtiim as far as possi¬ 

ble. In other words, the forest soil must be maintained as an entity, 
without changing it dt^t into ^onettiing else by alien pixioesses of 
tillage and exposure. 

Milne concludes that— 

Ihjtl] these TrlnlUaU ncilei hpd, la fact, ii tertilltr nhlte ^iuffluKeat to ma Lute In 
mixed forest^ or to grovf sotlstectery forceta of conimi^relal ttmlieFaf but they hiid 
this tertmty ai r^erffen^i e/ fortti upon iofi prop£rt^(T« icere 

101 tA DU I ^n temiplfon. I t not Uitoou^ 

l^^eeQTise the clear felUnfr hunilD}t and tUlitge necessary In preparatioa far such 
crops has. as it were, dlfiroeiubeml Uie bdU as a wortinir syitm, aad (he “acrBii'' 
that wa« left did awl provide the innkluga of an aorlcultitral aolL Not even a jsond 
foreBt soil canid be rebaUt from it; there had been loss of eBsentln] parte and the 
niccbaiitems of a year or two before could not 1^ restared to working order. 

Once a tropical forest is cut and burned and the land cleared] most 
of the minerfll nutrients from the forest growth are dissipated* Of 
course, in the aahe^ the minerals are freely soluble, but tJj.e young 
crop being grown can take in only a Sfuall part of tlio Uberatetl 
nittrienta, and the rest are washed deep into the soil by the heavy 
rains of the suzumer* Certainly at Ico^d SO percent of all Uie plant 
nutrients nre quieby waKhed below the limited range of the roots of 
any crop or annual plant growth. A second year’s crop is almost 
impossible to raise because the sandy soil Is so poor; the fatmei-s leave 
it and clear more forest land* The abandoned land is gradually 
occupied by herbs, wild bushes, and small trees* It is obviously un- 
economical to use eonunercial fertilisers on tlie soils for the production 
of subsistence crops for tliey do not, and caunot^ Justify the expense. 
As Milne tmphiksisted, once the soil-forest system is broken, the 
cycle interrupted, it is quite unpo^ible to restore the forest-soil 
relationships. 
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The Brazilinn agrictiltiiTal scientiats who have be«ii studyiiig 
problein are convinced that it is not economically pcsaible to raiao 
crop plants on these sandy upland soilSi XhcreforOj. they ara urging 
the scttlens to go down and dike the lowlands along the rivp and ujse 
them for rice and pasttirOj and use the uplands only for buil ding sites 
for their farmsteads* The effectivBncss of this system is being demon¬ 
strated on their governmental experimental farms near Beltm, ^d 
it is promising. It diould be remembBred, howcYerj dial these river 
lowlands are along brandies of the local streams which discharge into 
the Amazon estuary so dial their levels are not greatly affected by 
tlm changes in level of the Amazon River proper* 

THE AMAZON VALLEY 

The Amazon Valley has been more often described by popular wri^ 
era than almost any other tropical region," and its imagined possi¬ 
bilities for food production have been enlarged ui?on at great length-’’ 
Unfortunately, the potentialides seom to be very limited, even more 
limited di a" the esperiments near Braganga would suggest. As 
Marbut and Manifold pointed out more than a quarter of a century 
agO| the alluvial plain of the Amazon Valley is relatively very narrow, 
often only a few miles in width. 

Tlao fiUuvUa BoUs {waatUtite a filith Tli&y are In ^ernl cf two jEJndflp 

(1) WeU-drDtaed loama and flae fincdy lo&ms occupy tlio inauctUate beabta 
ot tlse tlvera In a narrow belt langiag Crom fl few feet to s few hundred jraida la 
wiUtli. ThtT Ue on tbe natmol levee and aro moderately well dralnecL subject 
to flooding for a abort period eacli year^ bet bigbly prodacUve* Heavy* 

Imperfectly drained to poorly drained '‘beck awomp" soils ore often dark in 
color and heavy tbrougbout the whole section. They are subject to long periods 
ol Inundation. ConBlderuble areas are treeless* The belts In which they He 
eontaln mUBj shallow lakes and swamps.* 

The reports are that during the high-water season of 1953 the 
Amazon River levels were 15 to 20 feet uhove the street level at 
Alonaos. Higher up the Amazon, as at Iquitos, the usual variations 
in the level of the river in different seasons of the year are from 50 
to GO feet or more* Obviously, it would be quite impossible to keep out 
doodwaters by rtusing dikes high enough along the mid-Amazon which 
would be needed in order to plant rice or other lowland crop^ in the 
remaining portion of the aUuvimm 

The largest-scole experiments in the development of the Amazon 
Valley were certainly those of the Ford Motor Ckimpany. The engi¬ 
neers planned first to exploit the forest timbor and, by dear felling 

* Mlcbad Sctilly, AmaatnB Aiuozcd, The Bolarioii, Aagusl 105 ^, pp. 

^£arl Parker Manklud need not Htarre^ The Nation^ vol-109, No. 20, 

pp. Nov. 12, lOM; Now Wcrlds Fmer^nff. 373 pp.. 1S49, New York* 

" 0, Marbut and C. B. Manifold, The boUji ef the Amazon Baaln la telatloa 
to B^cuXCunJ poaMblUtlea. Geogr. Eev.* vol. Ifl, pp. 414-442, lOSU. 
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the forest, to make clearings in ’which to plant Herca rabber. They 
built tho largest modem sawmill in South America to cut the forest 
trees into timber for export to temperate regions. Undoubtedly one 
of the most serious difficulties was to market the large number of 
different kinds of tropical timbers. Tliis lias always been a problem 
in the Philippines 'where there are over 400 different kinds of com. 
mercial timber trees that can bo used but tliere is seldom enough of 
any one of these to make exploitation of most sorts coonomical j nor 
do commercial firms care to experiment as to how to utilize neiv and 
untried kinds of timber. 

It is not weD understood how very diversified all fonns of life are 
iu tropical countries—not only trees, but insects, birds, fishesS, etc. 
As an example of diversity there is Mount MakilLng in the Philip¬ 
pines on whose slopes we made our home for about 12 years. On this 
one small extinct volcano less than 4,000 feet high, and perhaps 10 
miles in diameter at the base, a botanical survey showed that there 
were more different species of woody plants on this one small moun¬ 
tain than in the entire United States. 

Beturning to Ford’s experiments in the central Amazon, it should 
bo mentioned that at the start this project was in the hands of engi¬ 
neers, not Bgriculturiata. The first timber mill and plantation, Ford- 
landla, was well up the Tapajds River. The site was found anauitable 
for the growing of rubber. A second site, called Relterra, was found 
nearer the Amazon River. In 1D40 I visited this plantation, and -was 
much impressed with the growth of the trees and with the general 
layout of the plantation on a plateau well above the river. It should 
be mentioned that the Hevea hrasUi&n^ (ParA rubber trees) do not 
require a very fertile soil. It is native on the poor upland forest soils 
of the Amazon Valley, for it does not thrive whore the drainage is 
very poor, as Hevea trees should have reasonably good drains^. The 
development of the Belterra plantation had been expensive, in part, 
because of the South American leaf disease, so that double budding 
is necessary in order to get the highest yielding tjfpes of trunk panels 
to grow diseaso-rcsistant crowns. To retard the epread of the leaf 
disease actually three different kinds of tops had been budded onto 
clonal trunks. When I visited this plantation in 1949 it was under 
control of the Brazilian Government; the management ’was tapping 
as many of the trees as possible with tlie available labor. In spite of 
inducements to labor there were never enough workers to tap the trees 
already large enough for tapping. The Brazilian Government bought 
Ford’s ll-miDion-dollar investment for a mere quarter of a million 
dollars, but even on this basis, and 'without any capital charges to 
meet and with a protected market in Brazil for all the rubber they 
produced, 'we were told that the plantation was barely making ends 
meet. 
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However, in the ^Vmaaon VaJley tliere are more eerious difficulties 
than cTen the poor soiL Some of these are described very vividly 
by Vicki Baum in her novel “The Weeping Wood.*^ * It U impossible 
here to discuss the social and economic relationships and the motives 
back of the conquistadores from Europe who explored the New^ 
World about 400 years ago, setting the pattern for development of 
the governmental, economic, and social rclatioiMhipa, but as Vicki 
Baum describes them, certainly the feudal pattern imposed by the 
Portuguese has pei^isted wdth amazingly little change. I have else¬ 
where referred to this us the “Iberian enrse'- which has a if acted so 
many of the tropical i-egions, A typical town of the lower reaches 
of the Amazon River has been meticulously d^ribed by Dr, Charles 
'Wagley.^® 

Central Brazil Is a vast region of old plateaua and eroded uplands 
but with only a very moderate illative reliefs One might say that 
there has been really too little emsbn in this country where the 
laterite cupping of the uplands has further retarded geological 
erosion,^^ 

Jose Setzer is one of those Brazilian students of tropical soils 
who believe that coffee soils, particularly, suffer an irreversible deg¬ 
radation as they are used. T)ie exposure to sou and rain, plus the 
clean cultivatioTi from the excessive tillage, help to destroy the organic 
matter and so the structure. The lack of shade trees for the coffee 
in most of Brazil is another factor. 

It is certain that the abuse of tlie coffee gaixiens during the eco¬ 
nomic crisia of the *30a vras serious. The gardens were used for 
cattle pasture, 'fhe grass that grew abundantly on the red day 
loam did protect the soil from sun and rain, but the Sampling of 
the cattle ruined the soil structuiie. At the same time, the cattle 
did great damage to the coffee bushes. 

Much of the original organic matter liad already been oxidized 
out of the soil, but pasture grasses should restore at least some of 
it. But whether or not the deterioration was permanent and irre¬ 
versible, 20 years later new coffee gardens were being developed on 
frosUy cleared forest land farther west and north. The in-eversibls 
nature of soil deterioration had been accepted, though not yet con¬ 
clusively proven. 

TttE PmUPPINES 

Iho Philippine Talands are a re^on of diversified rocks, relief, 
soil s, and dimote. There are humid lowland rain forests, and in 

•50fl pp., published by MlebflEt Josepb. Ltd., t^ndcti. 

**Ainazaa Town, ^ pp„ ifew lork. 

^^Kobert L. PePdleton, Potentiftlltiefl of tho Trppica. A before the 

GTadufite ScBocl, United State# DeiurtuiGnt or Agtietiltutc. Apr, 18 1&40: 
In ChroiUen Bolanlea (In preoa), ^ 
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the Dortheni two-tliirds of the iirehipelago typhoons ai^ frequent. 
In MindatiaOi by oontraati typhoons practically never occur. The 
Philippine have many vokanoes* some of them recently active Fer¬ 
tile soils have developed from tlie volcanie ash. These volcanic 
soils are outstanding in their productive capacity. The relatively 
rough relief of the Philippines has inaintained geological erosion 
on tt considerable scale; as a resulti almost no hiterile has developed.^* 
In oUier words, normal erosion and good di'ainagc have prevented 
the development of tlio iron hard pan (later!te) characteristic of con¬ 
siderable ai-^ of older peneplains of In din j southeast Asia, tropical 
Ajiierica, and tropical Africa. 

Unfortunately the Philippines, too, suffered from the ^Iberian 
curse*” During the early years of this ceuturj'^ when the Doited 
States of America was in control of the Philippines and had the 
power to change conditions and to do away with the majority of 
the evil^ of the imposed feudalism, the ot>iiortnnity was largely 
missed and such progress of this kind that the American Govern¬ 
ment did niake had been quite emasculated after 1910 by fhe activi¬ 
ties of the Philippine Government, as Karl Pelzer has shown in 
his chapter ^^Landless Filipinos.” “ 

Tlifl failure of the j\jnerleans to keep in mind the desperate situa¬ 
tion of the Philippine peasants compelled the latter to try to find 
some other flolntion, ono of wbidi included the activities of the 
coramimist inspii^d and aided Hukhfilahnp?. 

BORNEO COMPARED WITH JAVA 

For seveiul centuries the two islands of Borneo and Java were under 
European control and direction. During the post century the Dutdi 
made great progress in developing tropical agriculture and applying 
science to the development of the country. At the moment, for tlie pur¬ 
poses of this discussion let us limit the comparisons, Bomeo is an 
island of very old rocks worn down by erosion and weathering to n 
relatively low relief. Tim soils, as a whole, are typical of humid 
tropica Howland regions,** where a heavy i-niii forest stood on the land. 
In places along the coast are extensive swamps. During reLTjnl decades 

«There Is evldcn L'e that anelcat tcaIs ular letcrlte i>terliett evtwndve eartaj 
Lran-ore deposltii!: la SarlKflo Pruvinw, BbtSmlanao. The laterLte mmt hftv* 
formed wlieu the sen stand wftfl niueU blsher and |ieneji1alik coDdLtloiM 
rrevalled. G. II- Kenmicr and 11- Penilletoo, Journ. Amer. Soc. Agroa., 
VoL se. p. 1025 (abstract). 1044. 

’■Pioneer eeltlement of Ibe Asiatic Trootea, <diap. 4, Amef. GeciRr. 8oc. Spec. 
Fuhl. 20, pn. m-lU. 11345. 

"■E. C, Jut Mvhrt Soil af «iuatotlal reslonft, with EiI^eclIll reference to the 
Netherlands East: Indleup pp- 3S3-403. Tf* h^ Robert li, Pendleton, Ann Arbor, 
Ukh. 
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some of those swampy lowlands hare been diked, and the development 
of paddj {lowland rice) agriculture has been under way,” Kot far 
away to the south, across the Java Sea is Java, a much smaller island 
than Borneo but with at least 60 volcanoes, many of which are magnifi¬ 
cent mountains. A considerable number of these volcanoes have been 
active in modern times, some within the last few yearn, spreading rock 
powder over the countryside, so that many of the soils are still very 
young and have physically good conditions, as well as abundant 
omounto of plant nutrients. Moreover, the natural or geologic erosion 
and creep have been considerable and have gradually helped the sur¬ 
face soil to move on down into tlie lowlands and toward the sea before 
it becomes senile and devoid of most of the plant nutrient substances 
that bad weathered out from the parent rock minerals. Thus the non- 
volcanic rocks are also, for the roost part, covered with soils that are at 
least reasonably productive. The population on Java vs overwhelm¬ 
ingly agricultural and where irrigatiou is available the farmers follow 
ver)- intensive methods of plant production, live population on Java 
per square mile is at least a hundred times as gi^cnt as on Borneo. 
This is possible because the soil resources of Java are such that even a 
denser population than this can certainly be supported on the land. 
By contrast, the crop-producing potentialities of the soils of Borneo 
are very limited. 

THAILAND (SIAM} 

Thailand, a relatively small country in southeast Aria, lies between 
Burma and Cambodia, f4VOS and Viet Nam. The area of Thailand is 
somewhat greater than that of California but less than that of Texas. 
Much of Siam is too poor to grow upland crops, that is, nonirrigated 
crops. Where the forest has been reasonably good, the general prac¬ 
tice has been to kaingin the land and grow a crop of sugarcane, com 
(maize), cucurbits, or similar crops on the land so cleared. IVTiere the 
forest is poorer, upland crops are grown only on the larger termite 
heaps, wlficb may be as much as 10 feet high and 20 feet across at the 
base. In some cases, the tormitaria are truncated somewhat to give a 
larger, flattish garden plot on which can be grown sugarcane for chew¬ 
ing, tomatoes, tobacco, pineapple, papaya, and other upland crops. It 
should be noted that die wise Thai farmer never levels the mound 
completely.** 

Where the land can be fioodod and the water held on it, at least dur¬ 
ing tlie rain y season, the soil is stirred, puddled, and scedlmg lowland 

" a li. van WDk, SoU «JTrt» ef the Udnl awamps South ttorneo Jn conawtloa 
with the agriralttirel pcsslbllitiea Contr. Gen. Age. Rea. Stat. No, 123. no. 

June l&SI, Bo^el 

” Pendleton, liobert Ll, Some reHulta of t&riDUe activity In TMlUnd boIIh. Tbal 
Sd. BiXU.p 3p pp. 20-^ 12 flga., map, i&il ; ImiKirtmiw of tertnitea In modlfyinf 
wula ThailnnH nolis, Joom. Anjer. Sot toL H PP. 3 iigs,. 1&42: 
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rice plants transplanted into the standing water and underlying mud, 
TJnfortunately, over much of the kingdom the rainfall is inadequate 
to raise a crop of rice without some additional water rither from 
streams or from higher slopes nearby. 

Where the forest soils are too poor to be worth plnnting, and only 
the termite heaps are cleared, the fannora may go some milcg to the 
steep slopes of the few hills in the region, kaingin the slopes (cut down 
the trees, bum tliem) and plant the cotton or upland rice among the 
stones on the shallow soil, where there are still sufficient plant nutrients 
in the surface soil from the weathering rocks to grow a crop. Because 
of the soil limitations rice is produced on about 90 percent of the culti¬ 
vated land of the kingdom. By assisting inundation, irrigation in a 
large way has been applied to some of the soils of the Bangkok plain, 
but as a whole, conventional otTective irrigation by direct flow from 
largo canals is only now being developed. In the northern valleys, 
farmers cooperatively dig local iirigation i^tchcs to bring onto their 
fields the water from mountain creeks. 

In some portions of the Bangkok plain the water naturally floods 
very deeply. These areas require a special type of agriculture using 
the so-caBcid floating rice. Li this case the fields are plowed early, the 
seed broadcast before the heavy r ains and tlie later deep floods, so that 
the water as it rises over the plain from the rain and the overflow of 
the rivets gradually raises the level of the water on the lower land be¬ 
tween the rivers- The only danger is that when heavier rains fall 
earlier in the season the water in the lower portions of the plain may 
rise 30 rapidly that the plants esannot keep their heads above the 
water surface, in which case the rice may drown, but where the rice 
plants survive they may grow to a height of 10 feet or more and pro¬ 
duce a fairly good crop. If the flood has not subsided, such a 
crop may have to be gathered from boats. 

TROPICAL AGRICULTURE 

Tliere are two or three main divisions of this subject that should be 
considered separately. In the first place, there are the upland siibrist- 
euce crops, that is, crops that ore not grown like paddy on flooded 
fields. The average inhabitant of the Tropics produces most, if not 
all, of his food by a process called “kaingining/’ a method that under 
different names is employed in practically all tlie humid tropical 
lowland regions of the world.” On the usually i>oor soils of the 
humid tropical lowlands the forests are practically the cover crops, 

''Tliia metltirt was described by Ooelt under tbo enfortunate name of "jnlltsi.” 
U la often colled “sblfUnfr cnlti^tloii," but tble term Is act dealnble hecanse It 
ImpUesi and bas boon described as a meanfl of. food prodacUoa by nom#<Ue 
trl1>e£s„ wli^D In most cases tho peoplt who ikrodiirt ftWHl In kainglits Uve n 
KtUed rtlloset aad only go out daring tbe crop season to tbelr kalogins, 
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and are the common property of the Tillage they surround. Usually 
a village will have a settled existence and location and if possible pet^ 
manent ftelde close by for certain crops, ns in Asia for lowland rice. 

When a Tillager wants to make a kaingin he blazes his claim in the 
forest early in the dry season. Tlien he cuts tlie underbrush and usu¬ 
ally most of the big trees, felling them and alloa'ing Ute slash to dty. 
Shortly before the rains begin the slash is tired and all the brush 
and branches and more of the big trunks of the trees are completely 
burned. Seldom does the standing forest catch lire, though the fre¬ 
quent burnings do scorch the edge of it and gradually force it back. 

The ashes remain scattered over the ground. After the beginning 
of the rainy season the seeds of the crop desired are dibbled into tlxe 
surface soil with a sharpened planting stick of some sort, often hav¬ 
ing a Hat iron bit. A few seeds are dropped into each shallow hole; 
then a little earth is pushed over the seed, usually with tiie toe. A^de 
from a weeding or two, and tlie cutting of some sprouts from stumps, 
tlierc 19 seldom need for any particular care of the crop plants, for 
following the years under forest tlie soil is sufiiciently loose so that 
no cultivation or other stirring of the surface soil is necessary. Of 
course, if the crop is edible, it is necessary to protect it as it ripens 
against wild hogs, birds, and other pests. Xo livestock is needed in this 
type of agriculture for no plows or similar implements are used. Usu¬ 
ally several kinds of empa are planted mixed in the kaingin. The 
labor rc<[uired for production of food by tliis method is high, but 
even on relatively poor soil a crop can be raised in the kaingin. After 
one or two crops, or at the most, perhaps three, the field is left fallow; 
the villager hopes it will grow up again to forest trees. Whether it 
does, dei)ends upon local conditions, particularly upon the need for 
land and upon the character of the soil. 

Unfortunately, in some humid tropical lowlands there are some 
very serious grass pests, especially the jVsiiin Imperata c^Undrica., 
often known as cogon, lalaiig, or ulnng along, Tliis gra.ss has deep 
undergroimd rootstocks and sandl seeds with a feathery down, which 
are disseminated by the wind. If the soil is not too poor, and tliere 
are sources of seed, cogou may spread rapidly. The most serious ob¬ 
jection to cogoii is that it bums readily even when quite green, so 
that fire is apt to sweep across the old kaingin, burning the grass, and 
at the same time killing most of the seedling forest trees which, in a 
few years, might otherwise reforest tlie land. Only the so-called 
asbestos or fireproof trees survive the annual fire& It is probably this 
grass burning annually that is causing most of tlie extension of 
savannas in low latitudes,^ Incidentally ami most, unfortunately. 
cogon gras s is now getting a strong hold in the southeastern United 

“Cf. Proc. Ceat, Africalne dea Ooiua, KIth, Congo Beige. NoTembCT IWS. 



ItEOFtCKL SOrLS—PENDLUTON 


453 


States. Not only lios^ it been introdn<^ and distributed in Florida, 
but recent reports lire ihut in Alftbama*’ it is also well under "wny. 
Though it does involve severe forest destruction, kaingining makes 
it possible for the farmers to obtain something to cat and some fiber 
for clothing from a relatively poor soil with little else but very simple 
liand tools and plenty of hard work. If tlie forest returns to the land 
within a reasonable time, perhaps after u, 10, or 15 years, the same plot 
of land may be kaingined agoin^ The main difficulty with this method 
of crop production is that it i^quhes five to fifteen times a& much land 
to produce the same amount of crop as can be obtained from a plot 
of reasonably fertile land year after year. 

In regions such as the western Belgian Congo, where 
already dominates the landscape and there is no chance for the forest 
to come back naturally, the natives employ a laborious system of 
hoeing tJie surface soil up into little heaps, perhaps IS inches high 
and Z feet across, and planting cuttings of cassava in the heap« In 
this way the plant seems to be able to survive and produce food 
without too Hindi competition by eogon grass, csfiecially if some dry 
grass or roots arc colkcted and buriicd on tJic heaps before planting 
the crop* 

But even if the forest does come back ou the land wJUiin a i^eason- 
able time, when it can 1% kaingined again, crops from these kaingins 
will do little more, than maintain the family during the year. It is, 
definitely, a subsistence agricidture* Lattle can be produced for sale, 
oven if there are buyere for any considerable quantity. Perhaps a 
neighboring village will use some of the produce, but only at a low 
price, and usually only in trade for something else* There k prac¬ 
tically no money for fertilizers, and they are rarely used even though 
they may bo bought at a reasonable price. The transport of fer¬ 
tilizer to tJie fields where it is applied is, in itself, a difficult problem, 
for roadA are few. Good roads in tropictvl regions are usually costly. 
In humid tropical lowlands, profoundly weatheroil iticks, deep plastic 
clay subsoils, and the often torrential rainfall are serious and ex¬ 
pensive obstacles to contend with and overcome in highway construc¬ 
tion and maintenance. 

PLANTATION CROPS 

In humid tiopical regions, both at low altitudes and at higher ones, 
I he re can be grown certain agTicultural crops that the world wants 
and will pay for. Moreover, there are practicable ways of handlinp 
or processing the mstcrials that the piioducL^ can be shipped over^ 
seas, The4iC plantation crops may require a conHidemble amount of 
capital for developing tlie land, for building, operating, and maintein- 


“ ilepflrled hj Dr, Mfltk Italdwln 111 o rer^iml commiintcfttlon. 
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ing tlie proce^kig plants and transporting the product to tidewater 
ports for export to teropcrate regions. Sugar, fruits, coffee, tea, 
rubber, and fibers are the usual plantation crops. These and others 
hare usually been developed by foreign corporations with a competent 
technical staff and with adequate capital to invest in plant and equip¬ 
ment, as well as for research on control of pests and diseases, develop¬ 
ment of better and liigher yielding varieties, and increase of effective¬ 
ness and economy of the processing plants. 

Europeans who kd In the development of plantation crops in the 
Tropica made some terrible mistakes, particularly in the earlier pe¬ 
riods, when they attempted to raise rubber as an orchard crop, 
clearing the land of wild trees, terracing it, and beeping the land 
clean and welt cultivated* Tins was not oily expensive but was worse 
than useless; it led to serious soil erosiom Now it is realized that 
even m tctni>erate regions it is not only necessary but preferable not 
to maintain the plantations in a *^tipshape” condition* It is not 
difficult to understand tlint Hevea rabbet, which is a wild forest tree 
not long or far removed from its native habitat, ean grow more effec- 
tl'vely and produce rubber more economicaily if it is maiiitained 
under forest conditions. Moreover, rubber does not require mucli 
processing, and cart be produced by a peasant with simpk equipment. 
Even before the lost World War about tliree-fourths of all the rubber 
coming out of the Netherlands Indies produced by peasants 
from their own small plantings of Hevea- 

Sugarcane is a different type of crop* High-yielding cane of good 
mUling quality reapondjs significaatly to cultivation and appropriate 
fertilization. The fertilizer cfm usually be delivered economically 
to the cane fields, for the need for rapid transportation of the cane 
to the mill necessitates an adequate transportation q^stem, usually 
a light railway- To prevent serious deterioration of the cane ^d 
loss of sugar, the cane should be milled within 24 Lours of the time 
of cutting* For effective, economical management of a sugar miU 
it ifl necessary to maintain chemical control, and this requires a suffi¬ 
ciently large mill to employ a chemist, and sufficient cane to maintain 
operation continuously, night and day. As a consequence, sngarcane 
growing for “plantation whita’^ sugar production or for “centrifugal” 
or 96-percent sugar for export is not adapted to peasant farming 
to the same degree as Hevea rubber. 

For Occidental consumption tea must be processed in a relatively 
large and expensive factory so that satisfactory quality can be main* 
tained* To an increasing degree tlie tea gardens are owned and oper¬ 
ated by peasants, and tlie fresh tea leaves delivered to the central 
factory every morning for processing* This gives a satisfactory 
quality of tea but, unfortunately, the peasant seldom seems to pay 
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adequate attention to the maintenance of soil fertility of his garden; 
be gftemB to be indifferent to the erosion of his soils. As a consequence 
native tea gardens are often in a eliocMng condition as, for example, 
in Ceylon. The deterioration of these valuable landa is sad to behold. 

Coffee raising, too, requites considerable investment for proper 
prooesalng of the berries in order to produce a good-quality be^, and 
coffee plantations are often extensive, so it is still mainly a cftpitaiistic 
enterprise. The one important tropical crop that is produced mostly 
by peasant fanners is cacao. This crop is grown extensively along 
the Gold Coast, British West Africa, and in the American Tropic^ 
European agriculturists have not yet made significant progress in 
producing cacao under plantation conditions and on a large scale; 
probably an important reason is tlve lack of any need for elaborate 
machinery for processing the “beans.” 

One of ibe outstanding tropical plantation crops is bananas. It is 
obvious that rapid transportation and effective cold storage are neces¬ 
sary if bananas are to be marketed in quantity in the temperate re¬ 
gions, Before the general incidence of aigatoka and Panama diseases 
in Central America, tlicre were banana-shipping companies that mar¬ 
keted peasant-grown bananas in temperate regions. Now, with, the 
need for rigorous control of diseases, and with the proven benefits of 
spray irrigation in even rainy regions, plantation growing of bananas 
has become the usual practice. The companies mterested in pro¬ 
ducing and marketing them in quantity are careful in their selection 
of soils. Notably they did not settle in or atilixe any of the vast ar^ 
of the AmEizon Valley. Rather, they have gone to Central America, 
Jamaica, and now to the Pacific coast of Ecuador. Where possible 
they have selected volcanic soils. In general, banana soils must be 
well drained, nearly neutral in reaction, and located near a Beaimrt. 
All planting, spraying, and irrigation must be carefully taken care of. 
In Some cases tbe banana rhizomes are planted before the tropical 
forest trees are felled. After felling, but without burning, the banana 
plants grow up through the slash with relatively little help in cutting 
of branches that are smothering some of the plants. By the time 
the banana plants are ready to bear, the slosh has decayed or been 
eaten by termites^ 

THE BELGIAN CONGO 

The Congo River basin of central Africa is another vast region 
where the rainfall is heavy and well distributed, and where the relief 
ia relatively low. The Belgians have spent a vast amount of time and 
effort in trying to rationalize kaingining and other agricultural prac¬ 
tices that can be carried out in that region without the utilization of 
fertilizers. 
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To give some idea of die magnitude of their experiments, it might 
be mendfloed that the Central Agricultural Experiment Station at 
Yangambi has an area of 50,000 acres of tropical high forests whera 
such experiments can be and are being carried ouL In the Congo, it 
is particularly important to try to rationalize kaingining because of 
the eerere transportatioa limitations on the importation of fertilizera. 
In central Africa it is out of tite question to obtain fertilizers at prices 
that peasants can pay. Transportation of products out and of ferti¬ 
lizer in are both difEcult and expensive. Africa does not have good 
waterways permitting oceangoing vessels acc^ to the interior. Lim¬ 
ited and expensive railway facUides must be used. Moreover, these 
involve repeated transshipment of freighL 

In the Belgian Congo studies of the factors of plant growth under 
humid tropical conditions are being made. One of the things discov¬ 
ered is that it makes a big difference ivhat kind of crops were last 
raised on tiie soil before the abandonment of the kaingin. It is also 
important to keep the soil os continuously coveted with crop vegeta¬ 
tion as possible to prevent loss of plant nutrients and other types of 
soil deterioradotu 

Belgian agronomists have been devoting much time and effort in 
an ^deavor to rationalize the kaingin or shifting culdvation system 
of utilizing the tropical high forest and the Secondary growth through¬ 
out a rotation lasting 15 or 20 years. This is called the corridor sys¬ 
tem because the separate but parallel plots of forest for each family 
are usually 100 meters wide and pcchajjs a mile long. To direct the 
peasant farmers most effectively, careful adherence to a regular rota¬ 
tion is insisted upon. In 1940 I visited one such colony in the equa¬ 
torial forest of the Bambesa district in which over 19,000 peasant 
families had been settled according to such a plan. Kellogg and 
Davol *“ have described and figured the corridor sy^stetn and the r®' 
suits obtained. 

In the "educative” agriculture w'hich bos been worked out for the 
Congo peasants, production in quick succession of upland rice and 
com is followed, where the climate is appropriate, by peanuts, cotton, 
then manioc (cassava), tlie main food crop, with which bananas are 
important as a secondary food crop. After the cassava is dug, the 
banana plants remain. ]hatiual regeneration of forest trees occurs 
particularly well in the microclimate under the abandoned bamma 
plants. Beoentiy Kellogg has published a description of a newer 
form.*' 


- Cbirl« la Kelloss and FWeUn D. Davol, An esiriorotory rtudr of soil atoope 
Cons®, Putl Jmi. Nat. Ehnic Acron. Cong* Belfie, erf. aer., Nft 40 , 

Co li-i liMIJ. 

t Ksllofis. ThP Fifth InterMtloaal Caprea or So« Science. Len- 
poldTUle^ Belilaji Aupiat 1904, Pr«, s«U BcL Amor., p. ur, AprU 1*KS. 
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AGRONOIUC PRACTICES IN HUMID TROPICAL LOWLANB3 

As the Belgiaas and others have found, the most effective methods 
of mana^ng agricidtiiral soils in the humid tropical lowlands ate 
not the most effective under humid tempemte zone conditions. It 
is always difficult to differentiate between what is traditional and 
what is empirical, and which will be the most effective soiUinonago- 
ment practices in the long run. The Belgian agricultural scientists 
in the Congo, for example, uiEist that it Ss not possible to build up 
organic matter to any considerahle degree iu the soil, and that legumi¬ 
nous green manure crops are even less effective than grasses. They 
have found that the perennial grasses are much better for rejuvenating 
agricultural soils than legumes. They also emphasize mulches and 
as nearly continuous a succe^on of crops on the soil possible, to 
keep the soil protected from scorching sun and beating ram* Greene 
reports “ that in recent African experiments buiTiing the leguminous 
cover crops and ajjplying the ashes gives as good stimulation to the 
following crop as plow ing under the green cover. 

Tropical soils thus are, in general, low in plant nutrients, except the 
very small percentage of recent alluvial and recent volcanic soils which 
are usually really fertile* There are various reosona for this. In 
tlia first place, in the vast basiiis of tlie Amazon and the Congo, and 
in Borneo, the relief of the terrain is tow. Tliete is too little erosion 
to wash away the wm-n-Qut surface soil and so expose the les^ fully 
weathered-out soil material in deeper portions of the profile. This 
weathering is hastened by both the heavy rainfall and the constantly 
high temperatures. The result is that phosphorua, particularly, is 
strongly fixed in the soil because of the weathering processes which 
have liberated iron and aluminum^ these accumulate in the soil and 
all too easily combine with phosphorus in forms that the crop plant 
cannot utilize. Without phosphorus, plants will not grow. Conse^ 
quently, experimental work with fertilizers in central Africa, in 
hiunid tropical Amerioa, and in southeastern A^ia indlcatea that 
phosphorus is usually markedly deficient for good crop production. 
For certain crops, such as sugarcane, nitrogen is an important limiting 
factor, but for many oilier crops nitrogen, relatively, ia much leas 
deficient than phosphorus, and in only a relatively few cases is potas- 
sinm needed, as for tobaoco and certain legumes* In Malaya there 
seem to be other plant nutrients which limit paddy growth but just 
what tliese are, and how they <^an be made good in plant nutrient, is 
not yet clear. 

"Br, Herbert Greene, Advlier on TrapEcfil SolLa^ EoUli ousted, Eoislfiiul. la a 
perfioDRl onmttitiCLlcatlcii. 
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FADDY on LOTl^D KICE 

As has been suggested above^ lowland rice is a unique crop. Meet 
of the principles of agronomy that apply to the usual grain crops 
do not seem to apply to paddy> Just why this is so cannot yet he satis¬ 
factorily esplained. The fact remains that rice, if it is grown on a 
soil that is well puddled and can have a few inches of water standing 
on it throughout the growing season, will produce some to eat wheu 
this soil is too infertile to produce any other grain crop. The puddling 
of dm land eJimiuates most of the weeds, or at least so reduces their 
competition that the young transplanted rice seedlings can get a good 
start and grow well. It b obvious that the puddling materially reducra 
soil aeration around the roots of the rice plants; nevertheless the 
paddy seems to get along without aeration of the soil in the usual sense. 
Tlie transplanting of the young rice seedlings into the fields is a 
laborious process, but it does insure a considerably greater yield of 
rice per acre every year than the use of ajiy other method. Soils that 
are not so poor, but that cun produce reasonable yields of upland grab 
crops, if planted to lowland rice, flooded, irrigated, and weeded, can 
produce about a quarter more rice grain than other grain crops." 

CONCLUSION 

Humid tropica] lowland soils can be used for crop production, and 
will have to be used more and more as the number of mouths to be 
fed increases^ Lowland rice is undoubtedly the most eHective food 
crop that can be grown on many of these soils, both because it b 
adapted to wet soils and also because on even very poor soils it will 
still produce something to eat. But tlie utilization of rice on fin ever- 
increasing scale in feeding the world calls to our attention serious 
nutritional problems. Jfo people who eat rice habitually will will¬ 
ingly cat it unmilled or even only partly milled (polished). The flavor 
of leas than fully milled rice is nut appreciated, TiThere increasetl 
milling by mechanical means, as power becomes increasingly available, 
replacra hand milling, beriberi and similar dLseases also increase. 
There is the possibility of utilizing the parboiiing system of rice 
processing before milling to reduce the loss of minerals and vitamins 
from the processed grain. This is worthy of more serious considera- 
tiotL It is, moreover, a method that has Wn introduced in the United 
States for making the so-called “converted'^ rice. 

This is, indeed, not an optimistic picture, but after 35 years of study 
of the possibilities and limitations of humid tropical lowland soils 
and their allied agricultural problems, it seems to me the reftlistic 
point of view, namely, that more and more of the people of the world, 
and especia lly of the Tropics, will subsist on rice . . . and like it. 

* j, Bodk, in a pamnal c*BimmiJcfl.!ttoiir 
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INTRODUCTION* 

The ooAtMOX ofitcion that the rings so ob^riotis on cross sections of 
most tre«s mtty be counted to give the age of the tree, and that the 
succession of wide and narrow rings may be interpreted as reflecting 
the history of favorable and unfavoiuble growth years, is indeed old— 
surely the statement by Leonardo da Vinci near A*D. 1500 to this 
effect is the earliest only because far earlier ones were not recorded 
or have been lost^ perhaps in the disappearance of the Alexandrian 
Library 1 

Despite this ancient recognition of tree rings as a historical indeix^ 
modern scientific research on ring growth at first quite properly 
emphasized botanical and ecological aspects;. By the end of the 
nineteenth century a truly vast amount of work had been done on 
the nature of such growth layers and their complex relatioDships 
to dimatic and other factors. 

In recent decades, however, many investigators in this country and 
abroad have sampled various forest stands and hare measored several 
millions of annual rings in on effort to develop long chronologies 
which might reprcsentj to some extent, histories of past ralnfalh tem¬ 
perature, river flow^ and other climatic variables. The stimulus for 
this activity arose, in good part, in an astronomical objective 1 Quite 
independently^ it occurred to a Dutch astronomer, later renowned for 
his contributions on stellar statistics, and to an American aEtronomer, 

■ BepHated by pertnlssloa froni Ecoaomlc Botanj^ vdL 8, Nii, S, Jnljf-S^ept^^mlwr 
IDOl 

* literatiire dtaClona have been bIdiahE; c^mpletclj omitted from tbJfl article; 
see research reports in the Tree-Rln^ BaUetLn froni 10^ on^ nnd an outHne bIhU' 
oerftpbj In the Compendlttia pf Meteorology* Anier* MeteoroL Soc„ 1951* fir 1029, 
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studying variations such as tliose of the tnark'mgs on tlmt the 
rings of tre^ might directly or mdirectly record year-by-year diangea 
in the mm. 

Julius C. Kapteyn, about 1880, examined oak sections from western 
Germany and Holland and derived a S40-year ring cbrotiology. Tlie 
later decades of this historj' corresponded well with rainfall date, 
and a strongs hut quite iineic.pl ainable, cyclic Tariation of 12.4 ymth 
was present throughout. Fortunately for i^tronomy, Kaptcyn evi¬ 
dently felt this work to be strictly extracurricular, for he carried St no 
furtlier. But his siugle paper on the subject, a publJsliod lecture in 
Pasadena in 1906, is a delight to read for its simple presentation of 
essentials and its humility. 

In contrast to this somewhat abortive effort, tlie program of re¬ 
search initiated by A. E- Douglass at Flagstaff, Ari^,, in has 
been carried on for almost Imlf a century at the University of Arizona, 
at Tucson, mid lias led to importiuit developments In quite unexpected 
directions. Tlie most spectacular development was a method, which 
made It possible to precisely date many ruing and thug provide a time 
scale for the pre ^Spanish cultures of tlie Southwest. Tliis method is 
based on detailed matching or cross-dating of the patbems in tree 
ringg—an application of the operation of forecast-and-verLBcatioii, 
which is such an integial part, of tho scientific method It proved 
to have far-reaching implications in climatic studies as well, for it 
was tlia essential key to the development of highly significant tree¬ 
ring histories of rainfall and other climatic variables. 

WQ thus see that modem tecliniques in dendrochronology find their 
principal application in two fields of research: (a) dendrocliniatob 
ogy, that iSj historical dimatology based on fiuctuations in ring 
growth, and (5) dendronrclieology, the dating of prehistoric struc¬ 
tures and activities by tlie precise dating of ancient woodp Before we 
consider the contributions in these two fields, howeveri it may be 
illuminat ing to directly exam bo some tree rings of the sensi tive type 
useful in dondrochronology. 

The photographed outer rings in radial increment cores from the 
lower stem of selected living Douglas-fir troes are shown in plate 1. 
These represent the ring dironologies in recent decades in three locali¬ 
ties of the Colorado Eiver basin—the isolated and arid Nine Mile 
Canyon of northeastern Utah, the archeologically rich lilesa Verde of 
southwestern Colorado, and the Tucson area of southern Arizona—a 
range of over 500 miles north-south. 

In the outerraost ring at the extreme right In tlie upper photograph 
of plate 1, the band of light-colorfMl earlywood must have been laid 
down tartly during June and early July, as is characteristic of moun¬ 
tain conifers near the lower forest border throughout tlie western 
United States. The growth of dark latewood cdla, which complete 
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the yearns ring, is commonly found to be essentially over by the end 
of July. Sinc^ the tree was sampled June fi, l!150s the ring for 1949 
is complete: that for 1D50 had not yet started on this core. Similarly 
the Tucson core (lower), taken May 22,1051, ends with the 1950 ring. 
The Verde core (center), on the other handi was cut later in the 
season, October 2,1051, and therefore has the 1951 ring complete. 

That the same general pattern of thick and thin rings may be 
found in ©elected trees over a fairly large area ia al©o illtJtBtrated 
in the photographs. These ring series represent not only the suc¬ 
cession of good and poor growth years, but also, as will be pointed 
out below, a significant record of esce^ive rainfall or drought for 
the entire year preceding the end of the growth season^ Antidpat- 
ing these conclusions, note sonic interesting details of climatic 
history in plate L Altlmugh the ring growth in in dividual trees 
inuBt, even at best, be subject, to a considerable extent, to purely 
local or random influcncjes, certain outstanding climatic events in 
the Southwest are well shown* The unusually snowy “haylift” winter 
of 194S-49 in northern Utah-Xevadn resulted in the very thick 101D 
ring in the Nine Mile tree (upper); the rainfall excess was less pro¬ 
nounced to the south, as tlie Tucson core stiggests (lower) * Tlie wide¬ 
spread dmught of the ^yustbowl” year 1934 is represented by a 
very narrow ring in nil three areas. The geiierol deficiency in growth 
in the outer two decides or so in the more northerly areas of the 
Colorado River basin, and since 1920 in the Gila Elver tributary 
basin, represents a rainfaE fluctuation of major economic importance. 

Further, 1904 is generally represented by a narrower ring than 
1902 in southern Arizona, m correct relation to the rainfall; but 
in northeastern Utah the trees, like the rain-gage records, show the 
July 1901-June 1902 interTat to be tlie drier year. The flow of the 
Colorado River at the Grand Canyon is largely subject to the rain¬ 
fall in northern Colorado and Utah; the water year 1902 (ending 
September 30) had the minimum flow of record preceding 1931. 

Occasionally, as iu 1931, ring growth in a year of over-all drought 
may not be correspondingly small, even in the most sensitive trees. 
Further, the low rainfall of the 1898-99 season and the correspondingly 
narroAv ring which is ob^rved over most of the Colorado River basin 
are in great contrast to the very heavy main-stream runoff for 1899, 
the result of an unusual concentration of heavy snovtrs in the head¬ 
waters area. The importance of a suSiclently dense and widespread 
sampling network is ^hus obvious* 

DEIS DRO.\flCfi£OLOCY 

Tlie method of overlapping patteims by me^ms of which prehistoric 
beams may be dated is illustrated in highly idealized form in figure 1. 
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Ficuu 1—Thti taitehm^ af dftB may mt onty ihow wben % beam ftt»m in ar^bcalo^ul alte waa felled^ but may m.\mq Epid to a lon}{ backward 

cxicntloD of ibt Kng hliijory of clhiaaic m livbig tim. (Fxom Sttllmp, Daiing pi^liiitoriE nimi.) 
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It 19 evident tli&t matchin^f the outer rings of an oM beam trith tlia 
inner rings in a living tree serves two purposes, namely, to date the 
old betun and to extend into earlier times the potential climatic chro- 
nolc^ in the living tree. 

Those acquainted with the great range of variability, which «BPma 
to be one of the universal properties of biologic elements, wiD recog¬ 
nize tliat Sfuch simple growth and perfect synchroneity from tree to 
tree as shown in the figure is quite unlikely to be found, even in trees 
of one species and within a small locality. 

In many species and individunl trees, the rin^ are so complex and 
variable that cross-referencing with other rings is not possible. In¬ 
deed, the botanist is familiar with so many reasons for such ring 
irregularity-specific characteristics, enrironmental influences, acci¬ 
dental events, and so on—that close parallelism in ring fluctuations 
among diflerent trees might well seem the rare exception. It was 
fortunate for the pioneer work in dendroatdieology that it was ap¬ 
plied in the Southwest, whei^ species, climate, site, and wood collect¬ 
ing by the ancients all so happily favored the research. It should not 
be supposed, however, from the foregoing that sucli cross-dating is a 
characteristic only of certain Southwestern trees. This property has 
now been found present in many oUier regions, though nowhere in 
such good form in so many trees. 

The tendency of the ring widths in dominant conifers of the South¬ 
west— mensiesiiy Pima P. editlia—to show ap- 

proximately the same patterns over a large area made it significant 
to take broad-sesale averages of many trees and thus derive a so-called 
master cliroDology. In this way local peculiarities in gpnwth were 
minimized and tlie master chronology served as a general standard, 
against which beams from widely eeparated iooilities could be dated. 

The development from living trees and relatively recent house 
beams of a master chronology which extended back iiito the time of 
the prehistoric Pueblos was not accomplished at once—the dating of 
the Cliff Dweller ruins:, announced by Douglass in tlie National Geo¬ 
graphic Magazine in December 1029, was preceded by over a decade 
of collection and analysis of archeological wood. A number of float¬ 
ing chronologies were developed, built up of ancient beams which 
cross-dated with each other but which could not be joined to tlie dated 
rings of the living-tree master record; a gap of unknown length had 
to be bridged. At lost beams were obtained which did overlap the 
inner part of the master chronology, and immediately dates <muld be 
assigned to several scores of ruins in the Southwest- The most mag¬ 
nificent of tliese, the apartment houses of the “cliff dwellers,” as at 
Mesa Verde national Park, were among tlie most recent, principally 
inthfll200’sA.D, 
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The 1929 '^Crossing of the Gap’' initiated a period of intetiae activity 
in dendroarcIieoJogy. Earlier and still earlier mins were dated in the 
Centi-al Pueblo area; Independent master chronolo^es were developed 
for the Eio Grande by W. S. Stallings and for nortlieastem Utah by 
Schulnian; and now the dates of several hundred ruins and a chronol¬ 
ogy for tlte Southwest reacliing bock 2,i000 years have been estj^b- 
li^ed. By similar methods dates hare been obtained by various m- 
veatigators for less ancient works of man in Korway, Sweden, 
Gennany, and, particularly, by J. L. Giddings in Alaska. 

As an example, we may note a recent application (1952) of this 
method, namely, the extension of the Puebloan chronology into B. C. 
times. The ring sequence in a very sensitive and consistent ancient 
beam of Douglas fir from hlummy Cave, northeastern Arizona, was 
definitively dated by comparison with master chronologies and with 
individual specimens long dated and available for several localities 
in that area, Tlie inner part of a portion of the Jtummy Cave beam 
is illustrated in plate 2, 

This extension of the known chronology then made possible the 
dating of a number of short charcoal fragments from an early archeo¬ 
logical dte near Durango, Colo. Among these fragments was one 
with attached bark, the outer ring of A, D. 46 providing the earliest 
precise culture date presently available for the Southwest. Some 
of the evidence on which this extension of the Southwestern chronology 
is based is shown in figure 3, 

It will be evident from the foregoing that, in general, the successful 
application of tree-ring analysis to archeological dating requires two 
principal favoring factors which are, unfortunately, by no means 
widely found; 

1. One or more living species must exist in which, on at least some 
type of site, the annual rings are eiiarply defined, show fairly high 
year-to-year clianges in ring widtli, vary in essentially parallel fashion 
along different radii and from tree to tree, and provide centuries- 
long sequences. 

2. Available archeological beams must 1>e of tlie dat^tble species 
and from the datable types of sites, in general must overlap the time 
range of the master chre»noIogy for at least 60 years, and must have 
sufilciently high ring sensitivity to provide unqualified dating. (Since 
the ring chronologies in any region tend to be much alike over broad 
areas, the preceding restriction m not bo severe aa it might otherwise 
be.) 

For specially favored localities of the Pueblo area, ring chronologies 
in some species are eo simple and consistent that reliable archeological 
beam dating, given a sufficiently long master chronology, is an ab¬ 
surdly simple matter. But this is far from true in general. Definitive 
beam dating requires, first, a professionally secure solutian of all 
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IntQ the ciiended fecord. Trend itnet ate lUfKrpoicd aa the gmwih ciirve«, and then number of component tim bated the group iUTv&, 
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problems, such os those presented by false annual rings, and, second, 
an identification which is not merely probable but absolute with a 
selected segment of the master chronology. 

Absolute identification is possible by the forecast-and-Terification 
method. GiTen a tentatiTo matching of test specimen and master 
chronology by some ring characters, corresponding additional charac¬ 
ters Go®®*!!? absent rings, check segments of the ring sequences out¬ 
side the test'dated interval, etc.) are sought; with a sulficient number 
of verifications the probability of chance correlation becomes vanish¬ 
ingly small. Since such verification depends on fairly close oongruenco 
of both ring sequences, such parallelism sliould appear in the com¬ 
pared measured growth curves and in the correlation coefficients, es- 
peel al ly of the check or forecast intervals. 

The unqualified archeological dating to the year which tree-ring 
analyris makes possible under favoring circumstances is, from a world¬ 
wide point of view, of higlily limited application. Even in the South¬ 
west, ruins yielding only juniper or hardwood beatns cannot be di¬ 
rectly dated; in many other regions the absence of favorable species 
makes the construction of sufficiently long master chronologies ei- 
tremely difficult or quite impossible. This deficiency has been met in 
a most nnexpocted way. 

In the past few years a new method has been devised by W. F. 
Libby, then of the Institute for Nuclear Studies of the University 
of Chicago, for the dating of wood and other materials by the meas¬ 
urement of the amount of decay in the radioactive isotope of carbon, 
C“, which these materials contain. This very elegant and powerful 
technique, now in process of active development, is applicable to a 
wide range of organic and carbonate matter and appears able to pro¬ 
vide dates from about 300 to some 30,000 yearn in the past with a prob¬ 
able error that Is satisfpngly small. By supplying an absolute time 
scale for regions where the construction of a master tree-ring chro¬ 
nology anchored in the present is impossible, C** dating greatly in¬ 
creases the value of possible relative tree-ring dates in some of these 
regions. 

DENDROCIJMATOLOGV 

PrtnctpZflj.—^Evaluation of all the influences responsible for the 
observed absolute growth of trees is obviously a far more complex 
matter than that of setting up a centuries-long tree-ring index of 
climate. Nevertheless, even with the latter limited objective, the 
numerous pitfalls in analysis and interpretation of ring growth permit 
no simple generalizations of the results of work in dendroclimatology. 
It will perhaps be sufficient to sketch certain broad outlines as follows: 

1, A most fundamental property of nil phases of ring growth 
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variabilUj; no oonclusions based on one species or stand are necessarily 
generaDy applicable. 

2. Coniferous species are usually preferable to hardwoods fis sources 
of climatic chronologies because of longevity and ease of sampling and 
analysis*; however, their dominance in the most “sensitive" belts 
thus far studied may unduly determine this view. 

3. As a single meteorological element becomes severely limiting in 
tree growth—e. g., temperature near the Arctic tree tine or moisture 
near the lower forest border on mountain slopes of semiarid regions^ 
the door seems to dose to the entry of numerous random factors wliidi 
in part control the fluctuations in radial tree growth in mesophytic 
areas. 

i. A powerful tool for the solution of uncertainties and eUmuiation 
of errors in ring Identity is provided by the cross^dating teclmique 
already emphasized, in which the sequences of widths are matched 
ring by ring; only when a general tendency exists for parallelism 
among the various sequences, whether from a tree, locality, or large 
but climatically homogeneous area, are absolute dating and a signifi¬ 
cant index poEsible. 

6. The dcndrodimatic history of a region, if derivable at aU, is 
an approximation which it Is usually possible to replace with a better 
one. By repeated sampling of trees, selected according to improved 
fleld criteria, and by the construction of indices having a wider 
statistical base, it may be possible to go far toward avoiding or cui- 
celing out the innumerable biodc, climatic, and other factors which 
tend to distort tlio dimatic index in trees. 

Over-affe conifers and cAnmofogy,—The spectacular achievement 
in archeological application of a botanical variable was not the only 
unexpected offshoot of deudrochronologic researcli. An ititensive 
field search by the writer during the past 14 years for suitable tree 
Botiroes of climatic data has brought to light a remarkable category 
of long-lived growtii-stunted trees of high index valuei These not 
only provide a unique kind of tree-gage record of past rainfall but 
exhibit very suggestive properties of growth under extretne adversity. 

Bain-recording trees of great longevity are of specially high value 
in dendrodimatic studies, not only because they provide long historjea 
but also because they make possible a greatly improved estimate, 
as oompated with young trees, of the absolute values of post rainfall. 

* SacDpttiif Ib done prlaclpiitljr with the Swedish lacreiueut berer. Tills penullx 
4 ^Idfsspreod Burver wttbont daouiixe to Uie Th^ abont 4 mm. Id 

dlKineter fitid ap to 16 Siaclies ^^7 be Hnrfaced with a. niror blade 

bj iw of & BlIdiDf cat with ^aln oad at a low aiijfle to It. On the reftultnat 
nnda pgiipinr nirffices, tlnfS 2 to 3i cdlfi thtekr that In, 1ei4 thui OM mm. 
wide^ mij be readier A«en with a tow-power Imiul lens and propeT il^htinf; and 
aererol cores coa^ be examined almdtDiieous!^. 
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Since the actunl amount of annual radial growth of tlie Btem is a 
function of the tree’s age, species, environment, anti other factors, 
the growth must bo espressed in departures :^ni the mean trent^ 
preferably as peioentages, in order to derive climatic indices^ Obvi¬ 
ously the position of tlie trend line fitted to the data may be ^raised 
or lowered if tlie series » extended; this so-called end effect is usu¬ 
ally of little importance in tlie outer part of the growth curve of a 
mature tree, where the mean growth rate has usually approached 
a nearly constant value, but may be critical in tlie early part of the 
record, whore the rate is usually changing fairly rapidly. Since 
the age trend in over-age chronology trees is especially sliallow exwpt 
in the earliest decades of growth, these trees can provide indices 
which represent a good approximation to absolute valuea On the 
other hand, it is evident that any small secular trend in climate 
would be completely hidden in tlie fitted trend line and thus would 
not be determinable even in these treesL 
A typical sit© on which such trees may be found is illustrateil in 
plate 3. For many miles bordering the upper Colorado Hiver, as in 
this area just west of Eagle, Colo., stunted Douglas firs and pinyon 
pines {P. edutw Engelm.) dot the steep sloi>^ and are teadUy ac¬ 
cessible from the highway. Standing dead poles are common. That 
this site happens to he a gypsum formation may have no great signifi¬ 
cance, since trees of comparable age, sensitivity, and slow growth 
have been found on sandstone or limestone slopes nearby; however, 
the number of extremely old I>ougIfls tire per unit area is greater 
hero dian at any other site in tho Eockies thus far sampled by the 
writer. A closer view of one of the trees in plate 3 is shown in plate 4, 
left- The dead snag above a small cluster of live limbs is character¬ 
istic of many over-age Douglas firs. 

Another excellent source for drought-chronology trees is the Bryce 
Canyon National Park area. Tiio stunted Douglas fir in plate 4, 
center, photographed in its dying years, has for some seven centuries 
been overlooking what is now called Bryce Point. In plate 4, right, 
the roots of this tree, exposed for hundreds of years, show a 2-foot loss 
of soil during the tree’s life. The increment borer, which makes avail- 
able IB-inch cores, provides a scale. 

On the basis of savei-al hundred sampled trees which were suitable 
for chronology studies and which exceeded the commonly assumed 
maximum age of almut DOO years for Rocky ifouutaiti conifers, cer¬ 
tain characteristics of these drought-site trees emergie oa probably 
very general in nature: (a) The absolute maximum ages of Douglas 
fir, ponderoua pine and pinyon pin© in the Rocky Mountains area of the 
order of IfiOO years, and for P . (limber puie) in excess of 
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1,650 years * *i (d) in addition to the obaen^ed tendenay for mascimum 
longevity on dse mofst adverse dtes, Uiere seems to be a systematic 
though probably only indirect relation to latitude in Uie ag?e limits of 
various stands of n given species; (c) the median ring width in tlie 
lower stem is about 0.30 (d) this growth rate is often ap¬ 

proached by early maturity—two or three centuries—after which the 
mean growth rate decreases very slowly; {e) the absolute minimum in 
total mean radial growth of the lower stem for an entire century is 
about C mm,; f/) the number of sap wood rings in over-age I>ougias fir 
does not seem to beBignifican^y related to either tlie number of heart- 
wood rings or thickness of heart wood (for relatively young trees a 
systematic relation has been found by Stallings when groups of five 
or mote trees ara averaged); {^) false rings are almost completely 
absent in these over-age trees of all species except the scopulorum juni¬ 
per, aud there is a marked tendency to decreased incidence of locally 
absent rings in higher latitudes. 

Tlie asymmetric ago distribution is most clearly noted in drought- 
type Dougina fir, which has been sampled on many sites throughout 
its range of some 30^ of latitude in the inland western cordillera from 
central Mexico to Jasper National Park in Alberta. In a belt roughly 
defined by latitudes 30" and 40" N. in tlie Colorado River badn of 
eastern Utah and western Colorado UteraJly thousaiidB of trees may 
b© found from 700 to 000 years old. Curiously, Douglas fir east of the 
Continental Divide in these latitudes and also in the Great Basin 
ranges to the west of the Colorn do River basin shows much lower 
maximum ages. Altliough the distribution of such trees is, as already 
noted, highly dependent on local site conditions and therefore very 
spotty, there is a decided tendency to generally decreased maximum 
ages both northward and southward. Dougina firs in the 000-year 
ago class may be found in considerable numbers on careful search in 
southem Utah and southwestern Colorado, but are, in contrast, quite 
rare in the forests of northern AriHona and New Mexicoj and in the 
writer^s knowledge are uureported in the southern areas of these 
States or in Mexico, where the average maximiun age seems to be about 

*Tbe KEtraonUnitry longevltj in certain stands of the hlgh-altltudc pLoefl 
P. /fff fill and P* artiiiaiaf obserred la verr recent field by the writer^ 

Is bela^ reported In detail elsewhere £ the chrotiologlee La the oldest known 
jMiiipcruE impufonim (the Jardlne limiper of Logon Conjon, I^lah, about ItSOO 
years> and In J, oiteDiprmo or utahensiE (about 1.C50 year^) are of doubtful 
clliDaUc fllimlQeiiiice, 

*It may be noted that Douglas Ur on locally moist sites in thia acberatly diT 
region may otUiln growth rates comparabte lo those la wei-clIcoHte regions: the 
"mtebeock Datis^^ over 125 feet La height and T^foot base diameter^ a re¬ 
cent windfall In the Santa CoiaUnn Houatalos near TucsoDp ArLz.i had ad a^er- 
sge ring width of 2,53 mm. for the 231 years of growth at the 12Toot level 
nuzL for the Inner SO yean$). 
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350 years. Maximum ages ai« generally less than 600 years nortli^ 
ward from the belt to the Canadian bordefj are less than 500 

years in southern British Columbia and at Banfi^ and may be no 
more rhan about 400 years near the norlhem limits for the species in 
central British Columbia and at Jasper Park* 

Much less complete sampling of species other than Douglas hr 
does not allow more than a suggestion of the age distribution pattern. 
One limber pine maiimum seems to occur near 44® in eastern Idaho, 
the pinyon pine in the 39"~40" belt, like the Douglas fir maximrun, 
and the ponderosa pine in the belt in southern Utah; all 

species seem to show a marked decline in maximum ages southward 
and to a lesser degree northward of the respectire belts of maxima. 

CUmatio Aistortes.—In the Scandinavian Arctic, ring indices up 
to five centuries in length and with correlation coefficients of the order 
of +0.T against observed growing-season temperature are obtainable, 
particularly at or near the northern tree limit; in the drier areas 
of the western United States and southwestern Canada, ring Indices 
up to 1,000 years in length and with coefficients of -H0.T to +0A 
against total yearly rainfall ending in June or July are obtainable, 
particularly at the lower, or dry, forest margin. The rignificance of 
the ring record in upper timbcrline trees of midlatitudes is not yet 
entirely clear. For more stress-free areas, such as the eastern United 
States and central Europe, variant conclusions have been report^ 
as to the climatic significance of ring growth—e. g., no relation, fair 
relation to the annual ntunbor of rainy daya, pronounced effects in 
years of physiological drought, and moderate relation to rainfall of 
certain months. However, C, J, Lyon and others have shown that 
in such mesophytic areas the basis for significant ring histories does 
exist in the fair degree of cross-dating which may be found in selected 
species and trees. 

TVlien properly analyzed, the sequences of ring width in over-age 
drought conifers may provide long and highly significant extensions 
into tJie past of the gage records of rainfall and runoff. 

It must be emphasized, however, that the correlation observed for 
recent decades between growth and rainfall may be applied only with 
diminishing assurance to sucoeasively earlier centuries of growth index. 
It has already been noted that the effect of hypothetical secular trends 
in dimate, such as a steady decrease in mean rainfall by as much as 6 
percent during the life of a tree many centuries old, cannot at present 
be separated from the tree's decreased rndial growth as a function of 
age. Other centuries-long, nonditnatic effects on growth rate, such as 
might conceivably result from radical long-term fluctuations in the 
activity of the soil mkro-organiEma, must remain as a source of uncer¬ 
tainty which only the moat widespread sampling can in part reduce. 
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The^o con^idemtioite do not^ of course, D^pplj to flu<;tuatjoTi£i from dec¬ 
ide to decade. 

Three critical regional Indices for the western United States based 
on the ring growth of dry-site conifers of tlie type just diaousaedi are 
compared with appropriate w^ator-yoar flow data in figure 3. The 
strong parallelism to bo noted in this figure suggests that variations 
from year to year in the pattern of climate—distribution and intensity 
of storms, anomalquB temperatures, the varying ratio in different years 
of runoff to rainfall, etc.—introduce only a relatively small error in 
such regional mdice& It k highly probable that local biotic and 
other factors are to a suhstantial degree canceled out in tlicse large- 
scale means. 

l^npunced differences in some yeai^ in the march of the compared 
variables will undoubtedly be corrected somewhat with more repro- 
^ntative tree indices which await development j minor errors in the 
river-gage data no doubt also esist and may be found and oorreebedi 
For example, reexamination of the early gage measurements at Fort 
Benton, Jlont., recently lod to aomewhat reduced annual totals for the 
flow of the llissouri River at tliis station from 1891 to 1918, as shown 
in the figure. Despite such improvements in the data^ however, it 
cannot be hoped that the observed correlation between river flow and 
the best regional tree indices will ever substantially exceed about 
+ 0*B5y the presently observed value for some of the comparisoits^ 

Certain features of the probable past rain fall in the we^ern United 
States suggested by figure 3 may be specially noted. A strong though 
by no means perfect parallelism is evident between the Colorado 
River basin and southern California, The final 25 or 30 yeai^ of 
the 1500^8 in these regions seem to have been charact 6 ri 2 ed in general 
by deficient growth, rainfall, and river flow of severity substandally 
greater than that in the recorded “dry spells^^ near 1900 and 1034; 
data based on the oldest trees appear to show, in fact, that this was 
the worst drought sinoa the century-long drymess of the 120 O*b. Tlie 
pronounced deficiency of the late 1500’s seems to have affected die 
Missouri River basin also. The occurrence of two extremely deficient 
years in succession, however, is apparently quite rare, except during 
the major geueral minima. The bearing of mfereuoes of this nature 
on water and power reserve, such as those at Hoover Dam on the 
Colorado, is perhaps obvious. 

The minimam near 1900 in water supply in the Southwest, evident 
in the figure, is less severe in the upper Ihlksourt River basin and, 
in fact, is replaced sdll farther north by what appears to be the 
greatest maximum in three centuries, at latitude 51" X. in Banff 
2S''ationa] Park. 
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It is of no little intcrest to find, in the over-agc conifers, a strong 
suggestion that a (xntnry of great drought in the Southwest was 
followed during die by a century of seldom-interrupted rainy 

years. ITi is very wet interval was [>crha ps the greatest in two thousand 
years in this region, as the supplementary evidence in the archeO' 
logical chronologies suggests. 

A great deal of attention has been devoted to tlie attractive hypotli- 
esis that tree-ring series contain a histoi^^ of solar or other extra-^ 
terrestriol variations, especially cyclic ones. Some instances of direct 
parallelism which have been noted between sunspot variation and 
the ring gi'owth of oertain trees are often cited and indeed may not 
be entirely due to chance. In general j however, extraterrestrial vari¬ 
ations, if they recorded by trees, must be in very complex form 
and are largely obscured by what seem to be random cyclic variations, 
for no aid toward the solution of the problem of long-range climatic 
forecasting is as yet established in growth cycles. Xevertheless, the 
very great importanoo of the problem and the strong evidence that 
real, if hidden, non terrestrial effects are, m fact, present in such 
growth cycles, would seem to justify continued scientific inquiry. 

ffeo^rapkw dhlribution of drought conifers, — Do cver-age conifers 
providing significant rninfall chronologies exist on other continents I 
It now seems quite ceitain that they do. 

Along the foothills of the Patagonian Andes of Argentina, between 
latitudes 38S. and about 43® S^s dry sites comparable to the semi- 
arid Eocky Mountain margins were sampled in early 1050 hy the 
writer. In two coniferous species, Ai^ucaria imbricaCa Prav. and 
Libocedrus Endh, the ring records showed the characteta of 

sensitivity and cro^-dating which are esaentinl for the derivation of 
climatic clu-onologies. Since the.^ conifers ai-o developed only in 
scattered stands in a very thin and short bolt between the line of the 
Andes and tlie plaliis, little area is available for development of long- 
lived strains. Yet the same inverse relation between mean growth 
rate and age was found for the two Patagonian species iis for tlie 
conifers of the Rockies. Wlicn the analysis of these collections and 
others in southern Chile is completed, some hundreds of years of 
climatic chronology for Patagonia sliould be available. 

Xerophytic conifers, and possibly some hardwood Eiiecies^ exist in 
apparently suitable environments in a number of other regions, par¬ 
ticularly in Asia, and will probably be found to provide signiheant 
rainfall chronologies; little exploration seems yet to have b^n made 
of the cjctensivo Siberian forests as sources of temperature clrronol- 
ogies. In the light of present knowledge, however, it appears tliat the 
combination of factors which mokra possible long tree-ring histories 
of climate is particularly favorable and widespread m western North 
America. 



New light on the Dodo and Its Illustrators 


By Hebbert Fbie&mann 

Cmutor, Diviwii of Birds 
JJm 5 . NoiiQtuil Miistsim 
S^Jti^jonjan InstiUiliQH 
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Amono the sirtmge birds that have become extinct trithln hktarie 
times none was stranger^ more unusual in appearance, than tlm dodO| 
a cumbersome, flightlesSp huge-bodied^ lieavy-billed bird, AlUed more 
nearly to the pigeons than to any other group of Uring birds* Fur¬ 
thermore, although but little is, or ever was, known of it, few birds 
became known by name to so many people otherwiso not especifllly 
interested in natural history* “As dead as a dodo'* has become a com¬ 
mon espressioti of extinction, while tlie term *^dodo-' has also come 
to be used as a connotation of stupidity^ based partly on the ridiculoufl 
appearance of the bird, niade widely known by Tempers illustrations 
of it in Lewis Carroil'S ever-poptilar “Alice in Wonderland*” 

As a living creature the dodo was kno™ to civilized Europeans for 
barely a century, being firet seen and described by the early Dutch 
mariners in 1598, and last recorded in life in 1581* Its extermination 
in its homeland of Mauritius was probably largely due to, and cer¬ 
tainly expedited by, the introduction of hogs into that island. For¬ 
tunately, a few (fl very few) dodos were brought to Europe, where 
they were depicted by several artists, the chief and most important 
of whom was Eoelandt Saveiy, Two and tltree hundred years later 
numerous dodo bones were collected and brought to Europe for study. 
Tliese, atid the scant notes and sketches of the early voyagers to the 
remote Mascarcne Islands where the dodos lived, still constitute the 
source of the little we know of these remarkable birds. 

In the spring of 1954 the Museum of Fine Arts at Ghent, Belgium, 
held on important exhibition of the wort of Eoelandt Saveiy (1590^ 
1639), an artist remembered chiefly for his picturesque landscapes 
literally crowded with animal life. It so happens tlsat Savery, by 
virtue of his being the chief deUnealot of the dodo from life^ has 
become important to the ornithologists as well as to students of Eurfr 
pean art In the absence of other comparable observations of this 
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iinu^al foTFl, Sa vein's renditions of it come close to being tbe niain 
source of our concept of its appearance in life. 

Among the items assembled at Glient was a drawing belonging to 
the E, B. Crocker Art Gallery, at Sacramento, Calif. {PI, 1.) This 
drawing, in block crayon, 140 s. &10 mm., signed in gauclie at tlie bob* 
tom; “Savtry ” is listed 03 “Deus . . .Dodo. . number 107 (p. 30) 
in the excellent catalogIssueil for the exhibition under the superrislon 
of Paul Eeckhaut In the discussion of a painting, 'Tjandsenpe with 
Birds,” signed and dated 1628, loaned by the Kunsthistoiisches Mu¬ 
seum, yienua, number 75 of the Ghent exhibition, the dodo in it 
{pi. 3, fig. 2) is singled out for brief comment, with a reference to 
the Crocker Gallery’s drawing, . . qui prouve qua SaTery a du 
esecuter son tableau d’aprea un specimen vivant, . . 

TIio Crocker Gallery drawing had remained unstudied and even 
unrecorded for many years. It was one of a number of old master 
drawings, formerly in the possession of Kndolf Weigel, of Leipzig, 
Germany, purchased in Europe by Judge and Mrs. Crocker in the 
early ISTO’a. According to the 1054 Ghent catalog it had at one time 
been number 448 of the “Ancienno Collection Rosey,” a collection 
concerning which I have been unable to learn anything further. 

For the next 80 years it remained, virtually unnoticed, in the 
Crocker files, labeled simply "Exotic Birds," under which title it was 
once included in s temporary exhibition in the late lOSO’s. Because 
it wag unpublished and unknown, it was not mentioned in Strickland 
and Melville’s monograph *‘The Dodo end Its Kindred" (1843) or in 
Rothschild’s "Extinct Birds" (IflOT), and not even in Hadiisiika’s re* 
cent book “The Dodo and Kindred Birds" (1954). 

It was first brought pronunently into public notice in 1960 when 
the great assemblage of art treasures from Yicnna was touring the 
United States. Among the paintings was the one fay Savery men¬ 
tioned earlier in this note. It came to the attention of John B. Mat¬ 
thew, then director of the Crocker Gallery, who recalled the Savery 
drawing in that museum and was stimulated to study it more care¬ 
fully. He noticed that the drawing contained no less than three dodos 
and that they were depicted with webbed feet, whereas the painting 
included a single one, witli no webs between the toes. 

Savory’s Vienna painting Imd long been well known and was often 
reproduced but was suspected more than once of not being wholly 
a^urato ina^nch as the artist had apparently given the dodo two 
right fwL Because of this inaccuracy Matthews was inclined to sug- 
^t t^t whei^ the artist had gone astray in one particular he might 
ave one soJ-O another, and that the error perpetrated tiierein was 
^en greater th^ previously supposed and the bird’s feet should have 
en own wi we tweeu the toes. Inasmuch as the drawing 
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WM moro probably dona from life? than was the painting^ which con- 
tainad so mtiny binds of birds as to bo obTioiisly a studio rcsiima of 
many original studies, it seemed as if the treatment of the feet could 
presumably be considered more realistic in the drawing than in the 
oil painting. The drawing wag then put on display together with the 
Vienna picture when tlie Hapsburg treastires were exhibited at the 
M. II De Young Afusetun in San Francisco, when it received its first 
publicity, first in the columns of the San Francisco Chronicle, and 
then shortly thereafter in Life magazine, for December 11, 1950 
(pp. 171-1T2), under the unacademic title «Xew-Fangled Dodo.” 
This brought it to the attention of the widO'reading art authorities 
in Belgium and resulted in a request for its loan to the Ghent show in 
1954. TVhen studied in connection with the other Savery materiala 
assembled there, the authenticity of the Crocker drawing was ap* 
parently unquestioningly accepted. 

The drawing definitely posed a problem: IVas the dodo provided 
with webbed feet or was it notf All the delineations of the bird de¬ 
scribed and illustrated by Bothschiid (1907) and by Haebisuka (1954) 
show no definite webs. However, tiiere is one picture, which was un¬ 
known to these authors, that does agree with the Crocker drawing. 
Both EothsobUd and Hachisuka list an oil painting containing a dodo 
by Savery, known to have been in tile possession of a Dr. Otto Seifier, 
in Stuttgart, Germany, in the 1870^3, but which bad disappeared with¬ 
out a trace some time before 1900. Fortunately for us, we do know 
something of the appearance of the dodo in this painting, as it was 
copied in pencil by the great naturalist Theodor von Heuglin, whose 
drawing was then used as the basis for an engraving by SI. Toller, 
which, in turn, served as a frontispiece for Gustav Hartlaub’s book 
“Die Vogel Aludogascars und der benachbarten Inselgruppen,” pub¬ 
lished in 1S7T. In tills rendition the dodo is clearly shown to have webs 
between the three front toes. It foilowg, then, that Savery depicted 
the bird with webbed feet at least twice and that in sU his other known 
pictures he gave it unwebbed toes. 

It may be recalled at this point that many years ago George Clark, 
a resident of Mauritius (1866, pp. 141-146), discovered quantities of 
dodo bones in the mud in a marsh near Dlahebourg, on that island. 
Associated with them he found many bones of fiatningoes, gaUlnules, 
wlumbrels, and egrets, all marsh-dwelling birds. Clark noted that 
all tile dodo bones appeared have belonged to adult birds; and none 
bear any marks of baring been cut or gnawed, or of the action of fire. 
This leads me to believe that all the Dodos of which the relics were 
found here were denizens either of this marsh or its immediate neigh¬ 
borhood, that they all died a natural death.” Becently, Hachisuka 
(1954, p. 85) has commented that the observations of several earlier 
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writers that the dodo ‘*was a shore bird are probably based upon con* 
elusions drawn from most of the oil'paintings, which represent the 
bird standing near, or even in, water. Artists who painted the Dodo 
from life doubtless found them kept, not in cages, since they could not 
Hj, but in enclosures along with other ornamental birds, such as Ducks, 
Ge^, Storks, etc., i. e., near a body of water ... He possessed no 
power to swim, as Peter Mundy clearly states.” In fact, Peter Mundy 
(Journal, 1&14) who was in Mauritius from 1628 to 1634, writes of 
**Dodocs, a strange kind of fowls, twice as big as a Goose, that can 
neither flye norswlmm boinge Cloven footed,” 

In response to my request, B. E, Moreau kindly made a careful 
examination of the actual foot of a dodo (pi. 4) preserved in the Uni¬ 
versity Museum at Oxford, and he reports that there Is no trace 
of webbing between the toes, agreeing in tbta respect with the bulk 
of the illustrations and with the literature. Moreau suggests that 
it is conceivable that the heavy phslangial pads under the toes might 
have flattened out somewhat in a captive bird walMng on a hard sur¬ 
face, This might have suggested webs, but not more than that 
Apparently Saveiy himself was not too certain of the foot structure, 
as he did not endow the dodo with webs in most of his pictures; the fact 
that he did so twice may be attributed to carelessness, but it does 
sugge^ that he, our main first-hand observer of the bird In life, prob¬ 
ably saw it but seldom, or only casually. His renditions of other kinds 
of birds are more consistently alike than are his dodosL It is a sad 
thing that the results of further stndy of this remarkable bird and its 
literature and iconography diculd reduce ratlier than enhance the little 
we know of it, but we cannot avoid the conclusion tiiat our primary 
source of information about its appearance did not know it very weU. 

If we accept tlie Crocker Gallery drawing as an original by Boclondt 
Savety, as is done by the compiler of die Ghent catalog (who was iu 
a better position to decide this than anyone else), it becomes possible 
to point out the sources of two better-known renditions of the dodo. 
The first of these is a painting by Jan Goeimare (pi. 2, fig. 1), done 
in 1627, now in Sion House, tlie seat of tbe Duke of Northumberland. 
Xt shows a dodo bending down over a smew. The painting is obviously 
a ^udio invention, as these two birds would not occur together in ns- 
ture, and from this it follows that the painting was probably done 
from sketches made separately of the two birds. The dodo in it seems 
to be merely a poor version of the dodo to the right in the Crocker 
Gallery sheet. Tlie body has become formless, the wings obviously 
wrong end made to conform with those of ordinary birds although 
rodneed in size, Ae tail greatly minimized, and the pattern of the head 
altered, giving it a double frontal band end eUtninating the peculiar 
cross-net lines on the cranium. Similarly, we find that Bontekoe’s 
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figure of ft dodo (pi. 2, fig. 2), fit^t published in 1546 and preserved 
in the Bodleian Libraiy at Oxford, generally assumed by recent 
author to be the white dodo of Eeunion, is merely a reversed or mir¬ 
ror image of the one at the left of the Crocker Gallery’s Savery, 
which is oetenaibij based on the gray dodo of Mauritius! Credit 
should be given to Strickland who long ago thonght IJontekoe’s fig¬ 
ure was baaed on the Mauritius bird. The fact that the Bontekoo fignie 
is a uiirror image suggests the possibility that the Savery drftwing 
had been engraved at some time and that Bontekoe may have used a 
copy of the engraving. The feet in hia drawing are mnder&d in a 
somewhat unclear manner os if be wim not certain whether the toes 
should be webbed. Now that we have some inkling of his source, it 
is nnderstojidable that he should have been puzzled and tmeertain, 
and it m possible to interpret tlie very broadened, almost coherent, 
tocfl in his picture as being w'ebbed. 

Years ago Newton (1&T6, p* SM) suggested that the figure of a 
dedo in A. do Wees^s amplified Dutch version of PlinyNatural His¬ 
tory (many editions, 1050 to 1T76), unquestionably of cognate 
origin with that given in . . . Bontekoe’s Voyage , » - I think * . « 
the copper plate of the Pliny has not been copied from the woodcut of 
the Bontekoe, but the woodcut from the copper plate . . Later, 
Oudemans (191T, nap. pp. 56-64) brought together the variations of 
this figure, credited to Salomon Savery, in tl^e different editions of 
de Wees^s compilation. Most of them (Ou demons, 18-lS, 20) 

show the webs very clearly, while one (fig. 19) is similar to the Bonte¬ 
koo one with very widened, almost coherent toes. According to 
Henkel (1935), Salomon Savery, like his uncle Eoekndt, was an 
etcher as well as a painter and thus might have produced an etching 
from the drawing, which, in turn, may have been used by Bontekoe. 
IVere it not for tlio tact that the drawing must have been done not 
Iftter than 162T (the date of Goeimare^s derived pabitiag), and also 
the fact that the Belgian art authorities apparently have accepted 
the Crocker sheet as an original by Roelandt^ and not as a work of 
hig nephew Salomon, I would have been incliued to suggest that the 
latter might have been tha author of thft sketch. Additional support 
for the drawing's being by Eodandt may be derived from the fact that 
the lost Seiffer painting (pi. 3, fig. l)t reported to be by him, also 
showed a web-footed dodo. 

I am indebted to Emoat van Harlingen, director of tho E. B^ Crocker 
Art GaUery, for a photograph of the Savory drawing here discussed, 
and for the loan of a copy of the Ghent erfiibition catalog. 

Even though it has no bearing on the Crocker Gallery s drawings the 
fact that another unrecorded painting of the dodo has come to my at*^ 
tention may bo added to this discussion of early illustrations and illus- 


480 UnfUAL REPORT SSflTHSOKlAN rS'BTmmON, 1086 

trators of this fabulous fowl. This is a painting by Tan Kessal, done 
about 1660, now in the Prado, the great art gnlletj of Madrid. The 
dodo is included among a reiy large number of birds in a many-seg- 
mented triptych repreaenting tho Animal Kingdom. Hachiauka 
(p. 56) notes an oil painting of a dodo, “gaunt, but not moulting," done 
about 1655 by Johannes ran Kessel, This picture, said to be in Munich, 
has been assumed by Killennann to be a copy of one dona in 1005 by 
Clusius, whereas Oudemans considers it to haTe been done from a liTing 
bird. Hachisuha argues for the latter view, stating that “since it is 
improbable that a painter like Johannes van Kessel of Amsterdam 
would use the old picture of Clusius ss a model for his painting of a 
Dodo, as Killemann thinks, it may be assumed that there was a living 
specimen in Amsterdam at the time . . This Is supported by the fact 
that van Kessel did a second version of the dodo, in the picture now in 
Madrid. Tliis later version, apparently overlooked by all previous 
writers on the aubfect, is dearly not based on the old, crude one by 
Clusius, a fact that is in complete agreement with the presumed inde¬ 
pendence of van Kessel from Qusius, his predecessor by half a century. 

Still another unpublished, fairly early, a!though definitely post¬ 
humous portrayal of a dodo may be mentioned here. It is a small draw¬ 
ing on a sheet measuring only 8 by 6 inches, by Aert Scbouman, a Dutch 
painter and engraver. Inasmuch as the artist was not bom until ITIO, 
nearly 30 years after the dodo was last seen alive, it is obvious that this 
sketcli could not have been done from a living model. In fact, the un¬ 
certain, rather hesitant treatment of the tail, which is depleted almost 
as if it were something behind, on the far side of the bird and merely 
proiecting beyond it, rather than an outgrowth from the posterior end 
of the body, bears this out. This drawing was included In an exhibition 
at Agnews, in London, in Xovember 1055, and is now the property of 
Iv. J. Hewitt, of tliat city. I am indebted to both the dealer and the 
present owner not only for the photograph of tbia interesting sketch 
but also for permission to publish it here for the first time (pi. 5). 

Schouman was bom Id Dordrecht in 1710 and died in The Hague in 
1792. He painted numerous pictures in which birds played a conspicu¬ 
ous part and worked, on the whole, somewhat in the manner of the bet¬ 
ter known bird painter Melchior Hondecoeter, but he also did work in 
portraiture and genre. His drawing of a dodo shows the top of the 
head covered with rather ruffled, frowzy dark feathers, ngreeing in this 
respect with van Keasell's Madrid version. It is not unlikely that he 
may have seen van Kessell’s picture and partly derived his from it. 
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George Gatlin, Painter of Indians 
and the West 


By John d Ewebs 

Planning Officer for the liliueum of History and Technatogy 

SmilhAcnian 
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Gboboe Catun holds a unique position in the history of .^oricnn 
art. Ifo other artist painted as many pictures in the trons-AlissiBsippi 
West in the days before the development of photography as did 
Gatlin, No oUier painter of the early West is so vreU represented in 
museiini collections today. Yet during his lifetime and for many 
decades thereafter Gatlin remained a minor figure in American art. 
As recently as the I930’s his pamtings were rarely eihibited in art 
museums or seriouly studied by histoiiana. 

In recent years, however, there has been a marked revival of interest 
in George Catlm's works. This has been due in part to a widespread 
and growing popular interest in the history o^f the romantic and al¬ 
ways colorful American WesL Historians and niuseura directors 
saalrinj r pictorial interpretations of tlie rool wild West before the 
advance of white settlement into the Great Plains have r^iscovered 
George Gatlin. He was never really lost. For generations lie has 
bean known to (if not entirely appreciated by) anthropologists, who 
havo had primary responsibility for prererving the larger collections 
of his paintings in museum study oollections. Yet lie resurgenre of 
popular interest in Gatlin’s painting is a recent thing. Within the 
past decade the TJ. S. National Museum has received 8Cor« of reque^ 
from other museums for the loan of original oil paintings from its 
Gatlin collection for temporary^ eshibition. These paintings have 
been shown to hundreds of thousands of interested viewers in musc^ 
of history, of science, and especially of art in all sections of the United 
States, in Canada, and in western Europe. Today, n century and a 
quarter after vigorous, restless George Catlin brovrf^the^ dangers^ 
discomforts of the Indian country beyond the hGssissippi to record on 
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canvas the appeanmoe of the land and its people^ scholars and the pub¬ 
lic are gaining an understanding of the true Eignidcance of his paint¬ 
ings as pictoiia] documents of the old West. 

THE AIAKTNG OF A PALNTltRUSH PIONKEK 

George Catlln was born in Wilkes-Barre, Pa., on July 26,1196. As 
a boy his iuterest in iimerican Indians was aroused by Indian legends 
and stories of Indian captivities which were current in his neighbor¬ 
hood. His own mother, as a girl, had been taken prisoner by Indians 
in the bloody Wyoniing Massacre of 17T8. Young George loved the 
outdoors and cared much more for the world of nature than that of 
schoolbooks. He was fond of bunting and fishing. He also coUected 
flint arrowheads and other Indian relics. 

At the request of his lawyer father, George Catlin entered the law 
school of Reeves and Gould at Litchfield, Conn., in 1817. Xext year 
he passed his bar examinations and began the practice of law in 
Lucerne, Pa. Bu t his heart was not in the courtroom. Ha tiier he was 
becoming more and more interested in art. Finally he sold his law 
books, abandoned bis legal career, and moved to Philadelphia to devote 
full time to painting. 

As a painter Catlin was entirely self-taught. With characteristic 
enthusiasm and industry he worked at his art until he developed skill 
both as a miniature painter in watercolois and as a portrait painter in 
oils. In 1824 he was elected an academician of the Penneylvania 
Academy of Fine Arts, a select company that numbered among its 
members such masters of the period as Charles Willson Penie, Rem¬ 
brandt Peale, and Tlioiuas Sully. In 1838,13 of Catlin’s works (iH' 
eluding both drawings and paintings) were exhibited by tlie Ameri¬ 
can Academy of Fine Arts. One of these was a full-length portrait 
of the late Gov, He Witt Clinton of New York State, which GatJin 
had painted for the Cor]>oration of the City of Now York- 

The fame of some of his sittere and the acceptance of his paintings 
in important eihibitions indicate that Catlin early achieved a degrre 
of success as a portraitisL Yet he was restless, dissatisfied. As he 
himself later explained it, he was “oontinually reaching for some 
branch or enterprise of the arts on which to devote a whole life-time 
o f enthusiaain.”' < Catlin, 1841, vol. 1. p. 2 .) 

While he was trying to find hitnaelf, Catlin eaw some 10 or 13 
Indian membere of a delegation from tlie wilda of the “Far Wes^ 
who were passing through Philadelphia on their way to visit the Great 
Wliite Father in Washington. Sight of their handsome features and 
picturesque costumes rekindled Gatlin’s youthful enthusiasm for 
Indiana. It changed the course of hm career and provided him with 
a goal for hia life g work. In later years he worded bia new resolve 
thus: 
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M4U1, In tM almplicliT and LoftinesB of his natture, unr«itr«Ktied and imf«ttei«d 
Ity the dli$£uLse« of arti la anraly the ido«£ beautiful model fur ihe palnUr,. and tbe 
GotiDtry from wblcb he balle is unquestEouably the study or Behool of the arts 
In the world ; oueh I am sorvp from the modelj 1 hare eeen^ is the wHderuesi of 
North Amerjoa^ And the bUtorj end cuitoms of sock a peuplep preserved by plo- 
tok-ial LlJufitrAtlotie are theines wortlu’ the life-time uf one man, and nothing short 
of the loea of mj UfOp ahiLU prevent me from Tlsltlng tbetr counCry, and of bHomlnf 
their Uetoi-iam {CatllSp lS41i toL p. S*) 

No missionary* answering a caU to service among a heathen people 
eyer dsdicated himself to a cause more steadfastly or energetically than 
did George CaUm to his self-determined of '^rescuing from obliv¬ 
ion the looks and customs of the vanishing racee of native men in Amer- 
To this single piitpo^ he devoted the best years of an amazingly 
active life. 

TKAVELS IN THE INDIAN COUNTHY 

George Catlin gained his initial experience as a painter of Indians 
among the accnlturated^ reservation Iroquois of western New York. 
Ills earliest known Indian subject is an undnished portrait of the 
Seneca orator^ Eed Jacket, signed and dated ^^Buflalo, 1826 ” (It ia 
reproduced in Haherly^ 1948j pi 2.) This work may iiave been tlte one 
exhibited in the American Academy of Fine Arts show in 16 £S as No. 
03. Kud Jacket} a sketch.’^ In 1829 Gatlin tetnmed to western New 
York to paint portraits of other Seneca, Oneida, and Tuscarora Indi¬ 
ana, That winter (1820-^0) he painted an Ottawa Indian visitor to 
Niagara Falls and two Alohegan Indians. One of the latter was f rock- 
coatad John W, Qimmey, noted as a missionary preacher among his 
own people (pi. 2, fig. 1) - 

In the spring of 133D, Cadin started on his great western adventure 
by traveling to Si liouia. Thera he gained the friendship of TViUiam 
Clark, best remembered as coleader with Meri wetlier Lewis of the over¬ 
land e^iieditioD to the Pacific Ocean a quarter-century car Her, and then 
Superintendent of Indian Affairs for t he western tribes, No one was in 
a better position to introduce Gatlin to the Indians west of the Missis- 
BippL In July of that year Gatlin accompanied General Clark to 
Prairie du Chien and Fort Crawford to make treaties with the Iowa, 
Missouri, Sioox, Omaha, and Sauk and Fox* Early that fall he was 
at Cantonment Leavenworth on the Ml^uri painting Iowa Indians 
and members of tribes remo-ved from the Eastern Woodlands—Dela¬ 
ware, Kaskasida, Kickapoo, Peoria, Potawatomi, Shawnee, and Weak 
Later that fall he accompanied General Clark to Kansa Indian villages 
on Kansas River where he executed a seriee of portraits of tribal 
leaders. 

In the spring of 1831 Gatlin accompanied Indian Agent (Major) 
John Dougherty up the Miswuri and Platte Rivers to visit his charges. 
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die hortical tural Pawnee, Onmlia, Oto, and M iasotiri. The rough-and- 
ready appearance of Horae Chief, Grand Pawnee head chief (pi. 2, fig. 
2), oon dusts sharply withthatofmild Mohegan jiastor Quimiey. Late 
that fall Catlin met the members of a small delegation of magnificent 
savages from the Upper Missouri, 2,000 miles upriver from SL Louis, 
who were passing through St. Louis en route to Washington in charge 
of their agent, Catlin obtained permission to make their portraits. 
Among them were The Light, powerful son of an Assmibom chief (pL 
II, fig. 2), and Broken Arm (No. 176), a handsome Cree. 

The year 1832 marked another tarning point in Catlings career. 
Prior to that tune lie had been content to paint only portraits. Nor is 
there evidence that he had taken extensive field notes describing his 
previous experiences among the Tedmen, In 1833, in taking advantage 
of a unique opportunity to visit the wild tribes of the Upper Missouri 
as a guest of the American Fur Co., Catlin expanded his activities. On 
this (and later) trips he would paint landscapes, Indian villages, and 
scenes illustrative of Indian life. He would also write extensive eth¬ 
nological descriptions of the Indians he encountered. Catlin's expedi¬ 
tion from St, LfOuis ap the river Missouri to the mouth of the Yellow¬ 
stone and return in the spring and summer of 1832 proved to be *‘the 
most fruitful journey in artistic and ethnographic material that lie ever 
made.^ (Afathews, 1891, p, 597.) 

Catlin was a passenger on the Yellowsf^rief whiclt in that year was 
the first steamb^t to ascend the Missouri 2,0{Wirtilee to Fort Union at 
the mouth of the Yellowstone. From the deck of the steamer he 
painted landscapes on the lower river, At Fort Pierre (mouth of 
Teton River) he painted a large series of Western (Teton) Sioux por¬ 
traits and scenes in Sioux life. He also portrayed a visiting Cheyenne 
chief and his attractive wife (Noe, 143,144), Continuing upriver be 
recorded more landscapes and the appearance of the Arikara village 
as seen from the passing ship (pi, 12, fig. 1). At Fort Union he met 
and painted leading men and women of those tribes who came In to 
trade—Assiniboin, Bladcfoot {individuala of both Blood and Piegan 
tribes), Crow, Plains Cree, and Plains Ojibwa. He also painted a 
landscape indicating the natural setting of that fort (pi, 19, fig. 1) and 
a number of wildlife and hunting scenes on the neighboring plains. 

^Frojji Fort Union Catlin returned downriver by skiff in company 
with two French-Canadian trappers who regalerl him with tall tales 
of the Upper^fisouri. They stopped at the American Fur Com¬ 
pany spo^ Fort Clark, near the Mandan and Hidataa villages. 
There Catlin exploited his remarkable opportunity to record witli 
and brush the appearance of those Indians, their vitlogea, games, 
dan^ and CaUiu^s little party then contbned down 

the Missonn to St Ixima, Soon after his arrival Catlin learned that 
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Black Hawk, tiie great Sank wnr chief, hia sons and leading Tvarriors 
ware imprisoned at ueai’by Jefferson Bairacks. He gained permission 
to visit them and to paint tlieir portraits. (See Black Hawk, pL 
fifr 1.) 

The year 1833 liad been a bonanza year for Catlin. He had assem¬ 
bled a large and imposing series of paintings and sketdies iUuBtnitmg 
the physical appearance, costume, custome, and home country of soma 
of tlie most pictu resettle tribes of tile Great Plains, Catlings biog¬ 
rapher, Loyd Ilabcrlj^ (1048, p. 7& ff.), found that he was fully occu- 
j3ied during the suceediiig year, 1833, putting finishing touches on 
his field paintings and readying thein for public exhibition. Tears 
later Catlln claimed he had traveled westward over the famous 
Oregon Trail to the Rocky MountainB in *33* There is no proof 
whatever, in the major collections of Catlings paintings and drawings 
that have been preserved, of his having made such a trip* There are 
none of the striking natural landmarks of the Upper Platte Valley, 
no views of the Rocky Mountains, no portraits of mountain Indiana 
such as Arapalio atid ShoshouL George CatUc was a showman. Had 
he seeo tlie Rocky Mountaii^ in the thirties he surely would have dis¬ 
played viows of them prominently in his pubBc exldbitious. 

In 1834 Cadiu gained an opportunity to interpret the Indians 
of the Southern Plains much as he had the Upper Missouri tribes 
two years before. The Seci'etaiy of War gitintcd him permission 
to accompany an expedition of Dragoons from Fort Gibson on 
Arkansas River to the country of the wild and little-known Comanche 
and Kiowa Indians. Prior to or following the Dragoon Expedition 
Gatlin painted portraits of recently displaced Cherokee, Creekt and 
Choctaw Lidians in the neighborhood of Fort Gihsom They bad 
been removed from lands east of the Mississippi to make room for 
expansion of white settlement in the Soutl^east. He also painted a 
Choctaw eagle dance (pi. It, fig. 2) and lively views of the fast action 
in a Choctaw lacrosse game. Osage Indians also posed for their 
portraits near Fort Gibson. 

The Dragoon Expedition under Col. Henry Dodge left Fort Gibson 
late in June, traveled westward to the great villago of the nomadic 
Comanche oti Cache Creok east of the l^icMta Mountains (present 
southwegtem Oklahoma), and on to the Wichita (Catlings “Pftwnee- 
Pict^*) village of grass-covered lodges above the function of Elk 
Creek and the North Fork of Red River. Although ilbiesa claimed 
the lives of several Dragoons, and Catlin also suffered from fever, 
the expedition was a successful venture. Peaceful relations were 
established with the warlike Comanche and Kiowa, wliieh laid the 
groundwork for the first, treaties between those tribes and the United 
States in 1835 and 18$T- George Catlin returned with portraits of 
Comanche, Kiowa, Waco^ and Wichita Indians* He also brought 
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back scenes in the great Comajiche camp, several of which emphadzed 
the remarkable skill of those Indians in handling horses, an abilitjF 
which caused experienced cavalry officers on the western frontier to 
term the Comanche *^tho litiest horsemen in tlie worl(L^ (See pL XT, 
fig. 1.) Had Catlin been m good health throughout this trip he doubt¬ 
less would have completed a larger and moi^ varied series of scenes 
contrftsting the cujstoms of the nomadic Comanche and Kiowa with 
those of the semisedentary, horticulturfll Wichita. His 18S4 paintr 
ings then might hav^ rivaled in liistorical and ethnological importance 
his Upper Missouri scries. Nevertholssa, the ISSX espedition must 
be regarded as Gatlings second most significant venture in western 
pamtiug* It produced the first kno^vn pictorial interpretation of 
important Southern Plains tribes. It also fundshed some of the 
earliest views of wildlife and scenery in the Arkansas Elver \ alley. 

In 1835 Catlin shifted die scene of his travels and artistic endeavors 
to the forested country of the Upper Mississippi. Tliat spring he 
ascended the Mississippi to the Falk of St. Aritiiony where he painted 
Ojibwa portraits and scenea. On the way downstream he recorded 
landscapes, visited and painted Easterti Sioux near Fort SnaningT 
and the Sank and Fox of Chief Keokuk^s village. 

Next summer (18B6) Catlin approached the Mississippi by way 
of the Great l^kes—by steamer from Buffalo to Green Bay, Wis, 
Thence bv canoe via river, lake, and portage he traveled to Fort 
Winnebago, paddled down the Wisconsin to the Mississippi, up that 
river to Saint Peter's (Minnesota) River, and ascended that Gtreani 
in search of the famed quarry where Indians cut the IjanilsomCj easily 
worked red stone from which many tribes of the Great Ltfvkes and 
Plains fashioned their tobacco pipes. He found it in the rising 
country of present Pipestone County, Miiinefota. CatUu painted a 
panoramic view of the quarry (ph 10, fig. 2) and collected eumplea of 
the stone. Dr, Charles Thomas Jackson, of Boston, a leading min¬ 
eralogist of the time, examined the stone, pronounced it new mineral 
compound'' and named it ^^catlinhe” in honor of tlio man who first 
widely publicized the quarry site and the importance of this stone to 
Indians. 

On this 1S36 field trip Catlin added portraits of OJibwn, Wmno- 
higo, Menominee, and Sank and Fox Indians. Ho also extended lus 
series of lonclscapoa in the Upper Mislssippi \ alley. 

The map, figure 1, graphically summarizes Catlin'e travels in quest 
of pictures among tlie Indians and vn the West in the years 1830-18^16* 
This Eeries of field trips provided the source materials for the gwat 
majority of the oil paintings in what later became known as Catlin a 
Indian Gallew. Not shown on this map are Gathn s earlier trips to 
western New York or his later (1837) jonmey from New York to 
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Charleston, S. C., to obtain portraits of Osceola (ph 6) and th(^ other 
Seminole and Yuclu Indian prisoners held at Fort Moultrie. 

INTESFHETINC INDIAIfS TO TEE PUBLIC 

George Catlin made a Tirtuat second career of interpreting his 
art to the public. He began exhibiting his Indian paintings in Fitts- 
burgh in IS^ and thereafter showed them in other midwestem rirer 
towns. It was not until after he enlarged the collection through hia 
held trips of 1B34: to the Southern Plains and of 1SB5-3B to the Upper 
iDsaissippi that he was ready to present bis Indians on canvas to the 
critical eyes of 3few Torkers. Catlings Indian Gallery opened at 
Clinton Hall late in 1S3T. It was such a hit with sophisticated New 
Yorkers that the artist had to move his vast one-man show to Stuy- 
vesant Institute on Broadway. Later he exhibited it in Washington, 
Philadelphia, and Boston to large and appreciative crowds. 

At Faneuil Hal] in Boston the English phrenologist George Combe 
saw CatUirs Indian Gallery. It was one of tlie sights really worth 
remembering on his viat to this country. He said of it— 

I'bo pJctnrefi, afi works of art* are deflcleiat Id dm wing, p&rBpoetlTe, and fintah 
but Ibty convey & \ivld tEoppesafon of Lh€ objects, and ^[iFesa the mLnd of the 
$pe<!tf;tor vUh & ct>nvLctiaD their Qdeillty to which gives them jitL 1 d- 

expressllilo charm, (OQmbet 1841, toL % Br 70^) 

Many other critics a& well as the public succumbed to the charm 
of Catlings show. They were willing to overlook the artist’s technical 
limitAtionB in view of his obvious sincerity and the treTnendoiis inter¬ 
est of his subject matter. No one had brought the Wild West to 
eivilization in pictorial form for everyone to see before. 

In the fall of 183P Catlin packed Ills Indian Gallery and sailed for 
Europe. He opened in London^s Egyptian Hall. The published 
catalog of this exhibition of Catliii’'3 Indian Gallery listed 50T num¬ 
bered paintings^ 310 of them portraits. In the some hall he exhibited 
a fine collection of Indian artifacts—costiimea and ornaments, 
weapons, musical instrument, tools, and cereinonial objects, even s 
full-aixed Crow Indian tipi with a cover of 25 buffalo skinSp 

For nearly five years Catlings Indian Oalloty was exhibited in 
England. Meanwhile Catlin the artist gained a reputation as on 
author. In 1341 his first and most popular book appeared, a 2-volume 
work entitled “Letters and Notes on the ^fanners, Customs and Condi¬ 
tion of the North American Indians," In it Catlin combined the 
tell tales of an adventure book with sound eUmologicel information- 
Reprinted many titnca, this has remained a classic description of the 
Indians and tlie West. It was illuatrated by 312 plates of little line 
drawings (acme less than 2y/' i none larger than 5^' 7^0- 

The great majority of these pictures were simplifications of original 
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oil paintings axhibitad in Catlings Indian Gallery and cxcfcutod pHor 
to 1&40« In 1844 he publlsbed “Catlings Xorth American Indian 
Portfolio/^ a handsome collection of 25 laigo ^18" a 1214^^) litho¬ 
graphic reproductions of his mcst popular paintings. Although the 
crude linecuts in hia first book failed to do Catlin’g work justice, the 
caitfiiUy drawn and colored litliographs in the Portfolio improied 
upon some of the originals, (Compare Gatlin’s painting of the Sious 
scalp dance with the colored lithograph of the same subject, pi. 14.) 
In the lithograph the figures are more realistic, the details more 
sharply defined, the action more intense- 

In tire sumnirer of 1845 Catliti moved hia exhibition to Paris and 
exhibited there until the following spring. ^Iven before that time 
Catlin began to employ live Indians to give dances and demonstratioiiB 
in hia exhibition, hall, adding the attractions of soimd and actioti to 
the static picture gallery and museum. Thus Catlin anticipated the 
appeal of the "Wild West Show the year before Buffalo Bill was ^rm 
In 1848, after the fall of his French patron, King Louis PhDipp^ 
Catlin returned to London. '‘A Descriptive Catalogue of CatHns 
Indian Collection" (1848a) listed 007 paintings. This was 100 more 
than he Irad shown in I^ondon previously. Among them were 35 
portraits of Iowa and Chippewa Indians who had performed for 
him in 1845-46. The other new pictures were primarily wildlife and 
hunting scenes developed from old field sketches and from memo^ 
of his western travels more than a decade earlier. But the new pic¬ 
tures were not enough to insiire success for the exhibition. Catlin e 
Indian Collection was no longer a novelty to the English public. 
Catlin ran heavily into debt. 

PRESERVATION OF GATLIN’S INDIAN COLLECTION 

Catlings impatient creditors were beginning to an^ion off his be¬ 
longings when a wetilthy fellow American appeared in the person of 
Joseph Harrison, Mr. Karrison paid off Catlin’s indebtednws, took 
over the greater part of his collection as seenrity and shipped it to his 
home town of Philadelphia. 

Tears passed. George Catlin, the artist, after a vain effort to sell 
to the Government his Cartoon Collection, comprising revised replicas 
of his earlier works and paintings based upon later travels in South 
America and the Far West, died in Jersey City* h, J-i OR Deiteniaff 
23, 1872. Joseph iTarriaon also passed away. Then one day in 1879 
Thomas Donaldson, a lawyer from Idaho Territory who was inter¬ 
ested in Indian affairs, learned that the original Catlin coffection 
Was in Philadelphia in the possesion of the Harrison estate- The 
collection was said to have been through two fires since its ^val in 
Philadelphia from Enroiie. It was also believed to be in a dilapidated 
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condition, Spencer F. Baird^ then Secretary of the STnHhflonwn 
Institution, and Mr. Donaldson ^’ore eager to see that as tnuch of the 
collection as posetble should be saWagcd and preserved. Donaldson’s 
suggestion that the collection be made a part of the national oollec* 
tion was received with favor by Mr. Harrison’s widow. On May 
15, 1879, the George Catliu collection was given to the Nation by 
Mrs. Joseph Harrison of Philadelphia, 

Eramtiiatioii of the valuable ethnological specimens revealed that 
many of tliem were destroyed by the actions of 6ro, water, and insect 
pests. There ts no record of paintings in the collectio'Ds which may 
have been destroyed. But it is remarkable that by far the greater 
part of Catlin’s original collection of oil paintings was salvaged. No 
fewer than 90 percent of the SOT paintings listed in Gatlin’s Indian 
Gallery on its T>ondon opening in 1840 are preserved in the Division 
of Ethnology of the U. S. National Museum. Ono-third (33) of the 
additional 100 paintings which he executed in Europe between 1840 
and 1918 are also preserved there. 

CATLirre PAJJfTLNC MITHODS 

George Gatlin rarely mentioned his painting methods in his own 
writings. His pictures, however, Toveal two distuict styles. One of 
these may be termed his studio-portrait style. Its outstanding e£‘ 
ample is his portrait of Osceola executed in 1S38 (pL 9). Osceola was 
then 8 Seminole War hero for whose portrait there was a popular dC' 
mand. CatUn visited him In prison and slowly and realistically 
rendered Osceola’s physical appearance and the details of his costume. 
Osceola’s grandfather was a Scotchman and the Caucasian strain is 
apparent in the features and complexion of Gatlin’s portrait. Few 
other hulf-length portraita by Gatlin approach this one as finished 
works of art. 

Catl in’s second style we tuny term his impressionistic or field-sketch¬ 
ing style. He achieved it through a remarkably disciplined coordina¬ 
tion of eye and hand, quick observation, and rapid execution. If hie 
subject wag a person, Gatlin tried to catch a likeness in a few deft 
strokes of his brush. If it was an Indian activity, he merely suggnsted 
the position and actions of tlie figures with a like economj of time and 
paint. If it was a landscape, ho indicated the general character of 
the country without dwelling on the detaik. This bold simplification 
of man and nature is typical of the great majority of palutings in the 
Gatlin Collection in the U. S. National Museum. Only by employ- 
ing a Sort of pictorial shorthand could even the energetic Gatlin 
have performed Uio omaxing feats be accomplished on some of his 
field tripsL 
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In the summer of 1S33, for example, George Call in spent exactly 
88 tkya on the Upper Missouri from Fort Pierte northward (May 2^1 
Uirough August 16). During that period he trsTeled upriver to 
Fort Union at the mouth of the Yellowstone by steamboat and back 
do^stream by ekifF. This travel averaged 18 miles pw day. In ad¬ 
dition he participated in buffalo hunts, watched prolonged and com¬ 
plicated ceremonials (including the 4-day Okipa of the ifandan), 
talked with officials and employees of tlie American Pur Co*, and 
gathered material for a series of popular travel letters for the Cam- 
mennal Advertiaep which he lotcr expanded into the greater portion 
of his 2-volume book of 1841* At the same time he created more 
than 185 pictures-^me 86 Indian portraits, 86 scenes in Indian life. 
25 landscapes and at least 8 hunting scenes. Only a man of bound¬ 
less energy, roused to a feverish pitch of creativity, could have per¬ 
formed all these tasks in so short a period. Holger Cahill, the art 
critic, who has examined the entire collection with me, expressed the 
opinion that Catlin may have painted some of these Upper Missour! 
pictures in a matter of jninntoe. Yet the scries of paintinga resulting 
from this 1830 expedition comprise the most important part of his 
oeuvre. 

In addition to his oils, Catlin apparently made rapid full-length 
pencil or pen-and-ink sketches of many of his costumed Indian sub- 
jwts and sketchbook rendcrinpa of some of his scenes of Indian activ¬ 
ities. He described his method of preparing the most controversial of 
all his paintings, those illustrating the Okipa ceremony which he 
was permitted to observe among the Mandan that summer, as follows: 

r took, mj fikctcb'book wfth nqd hitve made mtinj nnd fattMuJ (Irairiiign 
of what wc aowp and fnU notes of eTPiTlhinj; as trariBlated to by the inter- 
pretef t aJid elaua the clos^ at that horrtd and frlKhtfol aceae, which a week 

Or moT^ 1 baTg been clo^el^r eoiteoiieed ta an oarth-cuTered wl^am, with 
a hue sky-light OTcr mj boHd> with toy (HiLette aad endefiToarltig fiiUh^ 

fully to put the whole of what we wiw upon caiiTAS, . p . I bave mmle foot paint- 
lags of these atmtige eceoas, ccatiitCLing sereral hizodreil figures, repFesoatlag 
the transactloiiB of each day. 1041+ toL p. 155.) 

Add to this at ]^st 20 poHraits of Mandarit Hidatsa, and Ankara 
Indians and a score or more of landscapes and serenes in Indian yil- 
lagea and w«i have tho production of Catlings short stopover in the 
Tieighborhood of Fort Clark. SurBljj tliera mvist have been days dur¬ 
ing this stay CatUn created mors than a haif-dosien pictures. 

Eecent cleaning of a number of paindog^ in this collection has 
revealed some of the tricks Catlin used to save time and shortcut his 
field studies. He commonly painted the backj^uuds of his Ian dscapos 
and scenes first. Then ho drew hia figures tlie backgrounds. 
In some pictures the figures are so thinly painted that the backgrounds 
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under them show througlL Catlin quickly roughed in the figures m 
brown outline^ If he had time he filled in the DUtlines. Catlin^a field 
portraits were started in this same technique of rapid outlinuig in 
brown. Sometimes he never bothered to develop any part of the 
painting but the head. (See plsL 3 and 7.) At other times he added 
or refined details after his return to dviliaation. An article in the 
PittihuTffh of April 2^j 1833j the spring following his busy 

summer on the Upper lUEsouxi^ refers to his practice of touching up 
hi& fieldwork in the studio: 

The total number (of fialuLlnga) whlcL he commenced 4arlna tls expedition 
U verv large, most ot them are ret la an nnfinii^ed etate, be onlr having bad 
aaffident leleare t* aecnre correct of the vurloua Uriog auhjecta of 

hJa pencil and the general features of the scenery wMcb he bad selected, the 
baelcgronnda and detaiU being reiaer?ed far the labours ot a tutnre ttmeL 

Probably Catlin paid much more attention to hia portraits in the 
studio-padding backgrounds and finishing touches—than to his scenes 
in Indian life. He was content to let some, of his oil paintings of 
Indian activities remain aa rough suggestions, little more refined than 
the crude pictographs drawn by Indians themselves. Years later 
(in the lS50^s) he redrew some of these aubiects in greater detail in 
pencil retaining tiie basic composition but a^rpanlng the individual 
figures. Compare Catlings painting of Sions moving camp (1833) 
with his pencil rendering of the same subject 20 years later {pU IS). 

UNUSUAL HISTORICAL SlCNinCANGE OF GATLIN’S WOfEKS 

As historical documents George Catlin^a paintings offer a broad 
panorama of the Wild West as it appeared a centui^? and a quarter 
ago* Indians were then as independent as their aboriginal ancestors 
had been when they met the first white esjdorers. The Great Plains 
were still Indian country^ The few white men who entered it were 
mostly traders and trappers. Cowboys, prospectors, land sorveyocs, 
and homesteaders were unknown there in the iSSO'e* Ihe buffalo 
was tha Indians^ staff of life* The bitter Plains Indian Wars that 
followed Bettlera’ disturbances of native hunting grounds were yet far 
away* Indeed Catlin traveled almost alone through the country of 
the warlike Sioux: before either Sitting Bull ot Custer were bom* 

Catlin journeyed up the Missouri 38 years after Lewis and Clark 
ascended that river on their trek to the Pacific* The country and ita 
native cultures had changed little m the mtervening years* Three 
of Catiin-a works are especially remiiUBcent of the Lewis and Clark 
Expedition. One is a portrait of the aged Hidatm chief Black Mac- 
casjn (pi. 4), who was a virile leader well known to Ijewia and Clark 
Another is a panoramic view of the double vdlaga of the Arikara (pL 
12, fig* 1) , 4 miles above the tnouth of Grand River. I^ewis and Clark 
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rioted tin*c Tillage m 1801. Altkough gdll occupied when Catlm 
painted it, thia site was abandoned soon thereaftei- {Wede!^ lW55j pp* 
aO-31). A third is Catlin^B distent Tiew of the grave of Sergeant 
Floyd, sole fataUty of the Lewis and Clark Eipedidon, atop a lonely 
hill beside the Missouri {Ko^ 376)* 

The Mandan ludlons near whom Lewis and Clark wintered in 
l8£}4-5 had intrigued the explorers and the readers of their jourtials. 
In Catling's time they were still the most remarkable tribe on the Mis- 
sourL He painted their proud leaders in their beautifully' decorated 
dress costumes, their villages, their traditional recreationa and sacred 
cereiUDUies—something no member of the Lewis end Clark party had 
had the skill to do. (See pis. 8, 10^ IS, 16.) Five years later an 
epidemic of smollpos decimated the Mandan. The remnant of that 
tribe found residence with otlser farming Indians on the. Missoun but 
never reguiiicd prominence among the tribea of the region. 

Less spectacular but no less historically significant are Gatlin’s 
paintings executed in the Southern Plains in 1S34* Eemoval of South¬ 
eastern trib^ to lajid west of the Mississippi was already underway 
and Gatlin was the first artist to portray the Ciedk, Cherokee, and 
Choctaw Indian leaders in their strange new homeland. Tlicse pic- 
turea of gun-carryingi caliccHclad civilized Indians contrast sharply 
with the wild Comanche and neighboring natives of the plains farmer 
west—Indians who had yet to sign their first treaty with the United 
States. (Compare the portrait of Creek chief “Ben Perryman” with 
that of the Comanche warrior, Little Spaniard, in pL 6.) 

CATLUTS PORTKAITS OF INDIANS 

Catlin was at hi*t best as a painter of portraita^ Hie ^rly esperi- 
ence and reputation as an artist were achieved as a painter of por¬ 
traits of white men and women* His bust or half-length portnuta 
are the best of his Indian work. Catlm never was ooatent to portly 
generalized or idealized Indian types. He was a reali st who tried 
to produce recognizable lifcenessses of real people- He posSES^d an 
uncommon genius for seizing upon those features of a sitters face 
that defined its individuality* Gatlin's Indians ore sTimpathetically 
presented- They have a proud bearing and an erpresaion o-f dignity 
which should be familiar to anyone who hofi photographed Indiana 

on western reservations. , 

Catlin was less succe^ful in his full-length portraita- He never 
quite mastered the human body. Hia attempts to solve problems of 
foreahortening sometimes led to the representation of huge hon 
and feet thmst forward as if projected in three-dimeiiEional motion 
pJctnies. Some of his well-proportioned heads sit like peanuts upon 
gigantic bodiesL 
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Indian portraits comprise more than half of the paintings m the 
Catlto Collection in the U. S. National Museum. Some of 
these Indians were men famous in American history—such men as 
Black Hawk (pi. 3, fig. j), The Open Door, brother of Tecumseh 
(pi. 3, fig. 2), and Osceola (pi 6). Others played roles of some 
importoce in regional or local history. Miiny were men of prom- 
inenoe in ^ir tribes who have received little recognition in written 

j u Wotifi the frontiers of white settlement 

^ ca es e ore^ tlieir descendants gained fame fighting wars or mak- 
mg treaties with white men. Yet such men aa tlie hfandon Four 
Bmis (pi. 8, % 1; pL 10, fig. 1), Buirs Back Fat, Blood (pi. 20), 
The Light, Assmibom (pi. n, fig. S), and Hotse Chief, Pawnee (pi. 

* 2) are remembered in the oral literature of their tribes as 

powerful leaders. 

Probably the moat appreciative viewers of Catlin-s Indian por¬ 
traits have been members of the tribes whose early chiefe he depicted. 
Less t^n ^ years after Catlin painted Indiana on the Upper llis- 
Washington Mathews allowed the small line dlastrationa 
m Catling 2-voiumel^k to Mandan, Hidatsa, and .iidkara Indians 
near Fort Buford. Some of these people were chadren and grand¬ 
children of persona portrayed in Catling pieturea. Dr, Mathews 
was impi^d by their ability to recognize and identify the portraits 
of their forebeara .\Jl those who lomembered the old chief, Black 
Moc^n (pi 4), pronounced that portrait “a wonderful likeness/' 
^ Fo^ Bears, the Mandan chief twice painted 
**’'^S* Old men of the tribe considei-ed 

the image of his father.” Matfieiva pointed out the dose simi- 
S profile of Four Bears and a pro- 

nn fcrwr** (aiatliews, 1688, entire; 1891, 

unoiibrt^ 'n ® ^ juxtaposed Gatlin's previously 

western tribea to Washington 
oTlt Z " ^nterestin Catlin portroite of their tribal iSrs 
complement their^wn^ pictures servo to substantiate and 

Md °* Catlin'B port™ta i„to the 

mfoMlto md dal« ^,‘^.“'’‘“'"'"1! biogrophied 

In 1947,1 was surprised to find W 

Fat's log cabin on Pine Kid no Maggie No 

print of one of Cetlin's oil nortiJZ photographic 

8 oij portraits m the D. S. National Museum. 
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This aged OgTala woman ezploinsd that a delegation of Sioox Indians 
had brought it to her from TrVashhigton some yenna before. It was 
a portrait of her falher, Shell Man, on a young man. She had care¬ 
fully made a porcupbe-quilled buckskin frame for the photo and 
kept it wliere she could see it often because it rciuinded her very 
much of her father. Mj field photograph of ilaggie No Fat hold¬ 
ing her father's picture, a reproduction of Catlin's pain ting of Shell 
JIan, appears on plate 9. 

INDIAN COSTUMES AND OHNAMEHTS 

J'ohn James Audubon, the famous aFtist-naturafist, saw Assiniboin 
Indians clad in dirty garments at Fort Union in the summer of 1843, 
and was mored to write; ‘^When and where Mr. Cntlin saw these Indi¬ 
ans oe be represented them, dressed in m agnificent attire, with all 
sorts of extraragunt Hccoiitremcnts is mors than 1 can dirine’’ (Audu¬ 
bon, 18D7, Tol. 2, p, lOO). The answer is quite simple. Among the As- 
siniboin, as among other tribes of the west, Gatlin painted prominent 
Indians attired in their finest clothes. Most of hia subjects were chie& 
and Uieir wives and children. They were Indians of considerable 
wealth who owned the most elaborate suits, dresses, and oraamentB to 
be found in their tribes. 

Students of the history of costume should keep these facts in mind 
when viewing Catlings portraits of Indians. Cat [in doubtless had good 
reasons for painting the best famJli^ in their beat clothes. It made the 
Indians feel honored to sit for him. It appealed to their pride and 
vanity. Had he painted these people in everyday dress they would 
have had much less interest for the average white viewer of Catlings 
paintings. Indians In their drab, undecorated daily gamenta would 
have appeared about as unattractive as birds of paradise in molting 
^son. 

Catlin's interest in the details of Indian coetume always was eecoad- 
aty to his keen desire to record hie eitter’e facial features, lu some por¬ 
traits Catlin ignored the details of his sitter's costumes (see pi. 7). In 
others he called particular attention to some items while slighting the 
delineation of other details. A good example is his full-length portrait 
of Four Bears (pi. lO, tig. 1). When w© compare the shirt depicted in 
this painting with the actual garment preserved in the collection of 
the U, S. National Museum (pi. 10, fig. 2) we see that Catlin exag¬ 
gerated both the length of the shirt and the diameter of the quilled 
rosette in the center of the chest. He did not attempt to indicate the 
exquisite pattern of finely woven quillwork appearing in the arm and 
shoulder bands. This was typical of Catlin’s manner of pointing when 
he was hurried, os h© certainly woe at the Mondan villages in 1S32. I 
do not believe he intended to mislead or deoeiTe anyone. Id fact he ex* 
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hibited both the painting and the shirt in the same gnllery for yeais. 
Anyone so minded could hare made hia own comparieoiis* 

Catlin'e rendcringa of ornaments are spotty. Hia reproductions of 
the geometric patterns painted on buffalo robes by Plains Indians are 
approEjmatiottSj not asact copies of Indian paintinss. This wag tni€ 
eTen of his drawingg of actual specimens of painted robes in his own 
collecdom 

NoTeriheless^ the details of some of the ornaments of Dostnmes worn 
by Catlin's sittere arc rendered 'irith remarkable accuracy. Dr. Waldo 
H. Wedel p. 152) noted that in. Catlings pain ting of the wife of 
the ^ikara head chief he depicted the exact sbe, shape, and colors of 
distinctive ^wirc-wound^ trade beads such as have been found in recent 
e^tcavations in the cemetery near the Tillage in which that woman liTed. 
The beads may be very nearly contemporary with Catlings pamting. 
Catlin s portrait tells us how the [}eads w^ere worn in a necklace in al¬ 
ternating colors, blue and white, (See pi 11, fig, ehorter bead 
strand) 

Agam, in Ms portrait of the Assiniboin delegate to Washington, 
painted in St. Louis in the fall of 1831, Catlhi dearly depicted the col¬ 
ors and forms of small designs in porcupine quiUa on the shirt-sleeve 
^S* 2)* An elderly Assmiboin craft worker, in discussing 
traditionally old quill work patterns among that tribe, drew for me this 
three-row quillwork^ design. Later I showed her this picture of Cat^ 
lin's which exactly illustrated the design. 

It would be dnngerons to generali^o regarding Catlin-s rendering of 
the details of Indian costume. As I haTe pointed out above, his treab 
meat of costume details rangt^ all the way from opinssion, through gen¬ 
eral izat Jon and exaggeration, to very accurate rendering of minute 
units in their true colors. 


SCENES IK INDIAN UFE 

When We consider Catlings scenes in Indian life it is well to remem- 
ber (iat Catlm the portnutist preceded Catlia the iUuetrator. Hifi 
interest in painting Indian activities developed ns his fitst-hnnd experi* 
enoe among the IndianH increased. He may have fdt also that a coa* 
adereble tnimber of lively scenes in Indian life Tvoutd be essential to 

portraits ^hen he began to 

exhibit his Indi an Gallery to the public. 

Catlm’a statna among the Indians was that of an enthusiastic and 
^ ft ic o ^er. His hnowlcdge of Indian customs was limited 
to what he with his own eyes and what bettor-infoi-med white 
traders or Enghah-spealong Indian interpreters toW him. He was 
no lin^iat -^e namea he recorded for the subiecto of some of his 
portraite are moorreedy rendered or translated. For example, his 
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the Pigeon's Egg Head,” ahouid he “Ah-jon-JoDj ITie 
Light,” ag I have it in the caption to plate 11, figure 2- 

Moat of the scenes in Indian life which Catlin actuaUj witnessed 
were hiirriedly painted. Yet lie acdon in many of them ia gewd 
(See the dances and ceremonies pis, 14,16, IT.) Catlin certainly did 
not understand everything he saw Indians do. But at times his see- 
ondary action ig exc^enL In his pencil drawing of a Blackfoot 
tncdicme-mani dressed in a grizssly^bear skin, doctoring Ms patient 
{pi. 15, fig 1), CatJin allows a number of Indian onlookers trj'ing to 
hide their astoninhment by placing their hands over their mouths, 
Tliifl wag typical Indian behavior under the circumgtances. It shows 
the acuteriess of Catlings observation of the witnesses as well as the star 
performer in that dramatic action outside Fort Union id IS32^ Cat- 
lin*a oil painting of this action pictured only the medlcine'man 
(pL 15, fig^ 2). The more interesting and meaningfni elaboration 
was dra^vn (though possibly not for the first time) in 1852. 

No series of his paintings wag more severely criticmed m Gatlin’s 
own time than those portraying the Mandati Okipa ceremony which 
he witnessed in 1832. D. D. Mitchell, Superintendent of Indian Af¬ 
fairs, deefared two decades later that these scenes “existed almost 
entirely in tho fertile imagination of that gentleman fCatlin]” 
(Schoolcrtift, 1851-1857, vol, 3, p, £54). Sure of big ground, CatUn 
countered by publishing an entire illustrated volume, '^O-Kee-^Pa, a 
Beligioug Ceremony and Other Customs of the Mandans,” in 1867- 
Hig written descriptions and piotursa of this ceremony were upheld by 
the intelligent fur trader, Jam^ Kipp, in whose company the artist 
had witnessed the ceremony (Kipp, 1873). C&tlin^s painting of the 
most dramatic episode in that ceremony, the aelf-torture, apiioaiB as 

plate 16. 

At timeg, however, in his haste to record on canvas what ha saw, 
Catlin resorted to shortcuts wMch left him open to criticisitu Audu¬ 
bon, on seeing the Mandan earth lodges near Fort Clark in 1S43, 
commented: “The Mandan huts are very for from lcx>klng poetical, 
although Mr, Catlin has tried to render them so by placing them in 
regular raws, and all the same size and form, which is by no means 
the case. But different tmvellera have different eyes.” (Audubon, 
1897, vol. 2, p. 10.) 

The outlines of Catlings Mandan and Aritsra earth lodges (pL 12, 
fig. 1) are mudi more half-globular timn those structures actuaDy 
were. Likewise Catlin employed on artistic convention of simpM^ 
triangles, all about the same shce, to denote the tipi villages of nomadic 
trib^. He failed to indicate the eongiderttWe range in the size of 
tipia in a camp, owing in largo part to Tariations in family numbers 
and wealth. 
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VILDUFE AND HUNTINC SCENES 

CatUn made Uie buffalo hunt a fayorite subject for his brush* Oa 
his trip up the Missouri in 183S he experienced the excitement of 
running buffalo on horseback. Llore than a score of paintings in hb 
original Indian Gallery interpreted various aspects of hunting those 
bigj shaggy beasta. CaUiit continued to be fascinated by this gubject 
after he went to Europe. Indeed, more than a quarter of the 
paintings he created from field sketches or from memory while in 
Europe dealt with buffalo hunting on the Great Plums from Texas 

to Canada. The artist painted hiinsolf in several of ibeni- 

If Catlin bad painted no other scenes tlian buffalo hunts he might 
have gained a nieasure of fanm* He was the first artist to picture this 
American big-gatno hunting on horseback for the benefit of a host of 
readers and viewers. It was natural that many easterners and Euro¬ 
peans came to visualize buffalo bunting in Catlings termSp Less ad¬ 
venturous illustrators found inspiration in Catliii^fl pictures- Even 
F. O. C. Darley, one of Americans most competent draughtsmen, pre¬ 
pared an engraving entitled “Hunting Buffalo’^ for Graliam g Maga¬ 
zine in ISM, which was a thinly disguised copy of one of Catlin s 
paintings (Baur, 1940 j pp. XT-20) . 

Visitors to the Great Plains in later years wore prepared to view 
tha buffalo os Catlin had revealed that animal to them. Edward 
Harris, the nature entliusiast who accompanied Audubon to the Upp«^ 
Missouri in 1S43, observed that a buffalo bull wounded in a hunt in 
which he participated ‘^wos brought to a stand in exactly the position 
represent^ in Catlin's painting of tlie wounded buU'^ (Harris, 1951 ^ 
pl^9). 

Perhaps it was his enthusiasm for buffalo-hunting scenes that led 
Catlin to attempt pictures of Indiana chasing buffalo on snowsh^ 
in the dead of winter even though lie had never seen the Great Plains 
when there wits snow on the ground. The imaginative quality of such 
scenes reveab itself in bis portrayal of winter hunters lightly garbed 
in sumTner wnr Both Kiirz (1937, p, 130) and Mathews (l89b 

p, 602) noted this strange error in Catlin's work. 

Catlings Indian Gallery also included other wildlife scenes—wild 
horses at play, Indians hunting horses, antelope, and grizzly bears 
on the plftina, and deer in live woodlands. The paintings which he 
added to his coUecdou while in Europe included a good many hunting 
and fishing scenes, some idyllic (possibly imaginary) views of elk 
and buffalo grazing, and several life-sized “portraits of Grizzly 
Bears.” 

LANDSCAPES 

Catlin’s landscapes are historically aigiiificant as interpretatione of 
the appearance of the Great Plains and the Upper MIssisdppi Valley 
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before the sdTence of ^hite settlemeDt into those regions. Hundreds 
of tliousonds of eeatemers and western Europeans first saw the West 
in CatJin’s paintings or book i1 lustrations. 

ilodem art cfiti<s hare taken a particular interest in Catlin's 
landscapes. They bare approved their simplicity of form and color. 
Yet they convey a dear impression of the bigness of the "West—the 
breadth of the plains, the distance to the horizon, the rastness of the 
sky (see pi. 19, fig. 1). 

Earlier critics who knew the country Catlin portrayed have praised 
his landscapes in generaL Joseph N. Nicollet, govern inent explorer 
and mapmoker, who ascended the Missouri to Fort Pierre in 1839 
and who knew the Upper Mississippi well, wrote: “The spirited 
pencil of Mr. CatLin has faitlifuUy represented the pictorial features 
of tins country in some of the sketches contained in the first volume 
of his travels” (KicoUet, 1843, p. 39). Ur. Washington Malliewe, 
who traveled up and down the Missouri several times in the iSCO's 
and early *70s, praised Catlin'S ability to catch the distinctive ebar- 
acteristics of each locality, be it eroded sandstone bluffs in the South 
Dakota Badlands or the conical hills farther upriver with “marvelous 
quickness and insight” (Mathews, 1891, p. 590). 

Wlien they began to compare some of Gatlin’s landscapes with 
specific topographical features in that locality, critics found that he 
did take some liberties with what he saw, Audubon, who seemed 
to enjoy calling attention to Gatlins lapses, wrote at the mouth of 
Knife Diver, June 10, 1843: “We saw many very curious cliffs, but 
not one answering the drawings engraved for Gatlin’s work” (Audu¬ 
bon, 189T, vol. S, p. S4). Again, while at Fort Union near the mouth 
of the Yellowstone River, ho commented: “Sprague walked to the 
hills about two miles off, hut could not see any portion of the Yellow¬ 
stone River, which Mi', Catlin has given in his view, as if he had been 
in a balloon some thousands of feet over the earth” (idem, p. 96). 
This is the view reproduced in plate 19, figure 1. 

Recently, Harvey B. Seynohls, Superintendent, Pipestone National 
Monument, informed me that Gatlin’s historic panorama of the pi^ 
atone quarry (pi. 19, fig. 2) exaggerates die height of the quartzite 
ledge and moves the boulders known as “Three Maidens” far to the 
left of their nictuol location to got these picturesque landmarks into 
his scene. It should be dear, then, that Catlin did exercise his artistic 
license when painting landscapes. While his landscapes show the 
general character of the counUy they are not all precise pictorial 
documents. 

CATLEH AND HtS CONTEMPORABIE3 

George Gatlin was not the first artist to paint w^ern Indians 
from life. Delegations from some tribes beyond the Mississippi were 
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escorted to Washington to meet their Great White Father aa early 
as the Erst dewide of the nineteenth century. In 1S06 the French 
artist St. Mem in employed a mechanical device called a physionotrace 
to oatline exactly the striking proElee of a Mandnn chief and several 
Osage Indian visitors to the Nation’s Capital In 3821 Charles Bird 
King began to paint for the Goveniment^s own collection portraits 
of Indian leaders brought to Washington from tribes of the Great 
Lakes, the Southeast, and the central Great Plains. Yet these stay- 
at-home artists knew their red-driniied sitters only as picttiresfpiely 
oostomed, befuddled strangers in the complex civilization of the alien 
white man. They had little or no knowledge of the cultural back¬ 
grounds of these Indians or the country they called home. 

Other artists had traveled and painted in the Great Plains before 
Catlin did, Samuel Seymour, official artist of Major Long^a Expedi¬ 
tions to the Rcwky Mountains in iei»~eO and to the Upper MrsHisdppi 
in 1823, is said to have wtecoted more than 150 landscapes in addition 
to a number of Indian portraits and some scenes in Indian life. Prince 
Paul of Wurtembcrg, a skilled draughtsman, traveled up the hfissouri 
as a guest of the American Fur Co. in 1823. Peter Rindisbacher, a 
young Swiss settler on the Hed River in Canada, painted winter and 
sununer buffalo hunts and camp scenes among the Cree and Assiniboin 
tribes prior to 1823. But by and large these prcdooesaora of Catlin 
had had little influence on the popular mind. They had written no 
popular illustrated books, organized no great traveling exhibitions 
to take their interpretations of the West to the people. Their message 
was muted or restricted to the few. 


When George Catlin went west in 1330 the average easterner and the 
mtercsted European had only a vague and confused impression of the 
country beyond the MiasiKippi and the people who lived there. In¬ 
diana appeared in the popular art of the time as lovely dark-skinned 
maidens or tall handsome him tets beside some cool forest stream. They 
were the romantic creations of sentimental landscape painters, as un¬ 
real as Janies Fenimore Cooper’s poetic rcdmen in Leatherstocking 
Tal^ On the other hand, in the widely read horror stories of the 
period—the Indian captivities—Indians wetn presented os blood¬ 
thirsty savages who enjoyed torturing helpless priBoners: One ex¬ 
treme view of the Indian woo aa false os was the other. 

master showman as well as artist, certainly was the 
fi^artist to win a. great mass audience for his interpretation of the 
West As a pioneer on-the-spot reporter Catlin broke the trail for a 
number of o^er artiste who came to recognize that if they would truly 
pictoie the West and its people they must go there and see them with 
their own eyra. ^ong the best known of these artiste in the pre- 
camara, pre-Cinl War period were John James Audubon, Albert Bier* 
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stndt, Seth EflstmaTi, Paul Kane, Baldirin Mollhausen, John Mix Stan¬ 
ley, end Charlea Winmr. Gatlin’s pioneer work bore the brunt of the 
criticiam of later artists. It sat the standard they hoped to better. 
His, too, was the model for many eastern artiats content to profit from 
the popular interest in the West without bothering to Icam about it 
firsthand. All or veiy nearly all these later artists were familiar with 
CaUin’s work, either in the original oils or in the little linecuts of his 
1841 book. Audubon probably was not the only artist to carry a well- 
worn copy of Gatlin’s ‘‘Ijetters aud Kotea” into the field. 

Gatlin’s paintings most frequently are compared with the works of 
Carl Bodmer, a 23-year-old Swiss artist who accompanied the noted 
German scientist, Maximilian, Prince zu Wied, to the upper Missouri 
in 1833-34. This comparison is an obvious one because Gatlin 
Bodmer saw much of the same oountiy and met (he same Indian tribes 


within a period of one year. 

In this comparison Gatlin’s impressionistic field sketches commonly 
suffer at the hands of Bodmer’s painstaking studies. Yet, as an ad¬ 
mirer of the accomplishments of both artista, I should like to point 
out their very different backgrounds and the fact that even though 
they worked in the same region they did so under quite different condi¬ 
tions. George Gatlin was self-taught. He developed a definite rtyle, 
but it lacked the polish academic training might have given it. Catlm 
traveled on his own as a free-lance artist-writer. He had only 86 
on the Upper Missouri. Timo wag precious. He had to work very fast 

or miss a great deal. . j • 

Carl Bodmer, on the other hand, was academically trained m the 
beat European tradition of fine draughtsmanship. Hia sole r^nm- 
bility on the Upper Missouri was that of preparing field studira ’ 
lustrate the scientific WTitings of his employer, Prince Maximilian. 
They had to be exact to the finest detail. Indian costumes, ornaments, 
and accemoriw had to he so rendered os to suggest the qualities of ma¬ 
terials from which they were made aa well ag their colors, siz^ an ^ 
shapes. The Prince and Bodmer spent 11 months on the Mtss^n 
above Fort Pierre {May 30,1803, to April 29,1834). Bodmer worked 
alowiy and methodically. Hxs artistic production of 11 months (judg¬ 
ing fwm the number of his known Upper ifissouri field drawings m 
pencil and watercolor preserved in the collMtlons of the estate o 
Prince Maximilian) little outnumbered CatUn’s output of appron- 
matelv 12 weeks. Maximilian’s journal teUfl of the mtmite care taken 
by himself and Bodmer in selecting subjects and the time devoted 
by Bodmer to some of his drawings. Bodmer worl^ several days on 
a watercolor of an elaborately costumed dancer. Several more days 
were given to sketching the interior of a Mandan earth lodge, and 
another series of days to recording a view of the Eocky Mountains from 
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the heights above Fort McKenzie, Eestless Catlin probablj could not 
have worked so delibenitelj even if he Imd had the time. 

Perhaps, though, had Catlin known that an artist of Bodmer-a tech* 
nicftl fikilJ and infinite patience was to follow him up the Missouri in 
the very naxt year he might have painted fewer pictures in. greater and 
more precise detail. Bodmer, however, waa well acquainted with Cat¬ 
lings strengths and weaknesses as an artist as well his coverage of 
Upper hlissouri subject matter. Maximilian’s account of his partya 
sojourn in St. Louis belore traveling upriver tells of their visit to the 
coirntT}^ home of Maj. Benjamin O^Fallon, Indian Agent and friend of 
Catlin: *^We found at bis house an mtereating collection of Indian arti^ 
des, and a great number of Indian scenes by Catlin, a painter from New 
York, who had traveled in 1831 [sic] to Fort Union’’ (Maximilian, 
1843, p. 111). 

Possibly it was owing to Maximilian’s and Bodtuer’s prior knowl¬ 
edge of Cattin’e work that there were ao few duplications in the subject 
matter of Gatlin’s and Bodmer’s Upper Missouri pictures. Probably 
fewer than a dozen Indiana posed for both artists. Comparison of the 
portraits of Buffalo BuH’a Back Fat, head chief of the Blood Indians, 
by Catlin in 1832 (pL 20, fig, 1) and Bodmer in 1833 (the lithograph 
here reproduced, pi. 20, fig* 2, ia a very good copy of the original water- 
color which I have seen) illustrates the different styles of the two 
artists. Nevertheless, the modem critic cannot any which Is the better 
likeness of that great chief. They lc»k very much like two views of 
the same f aca. 

From the scientific viewpoint Catlm’a and Bodmer’s Upper Mk- 
Bouri pictures complement one another very nicely, Bodmer spent 
** at Fort ilcKenzie, near the mouLb of the ]^farias lliver 

(b present Montana), farther upriver than Catlin had traveled. 
He sketched scenes in the great summer encampments of the Black- 
foot tr^boa and a large eeries of Piegan, Blood, and North Blackfoot 
portraits. Catlm met and painted a few Blackfoot Indians at Fort 
Union far from their home camps. On the other hand, he created 
many more Crow and Sioux portraits and scenes in Sioux life than 
did Bodmer. Although Catlin never saw the country west of Fort 
Umon portrayed in a number of Bodmer’s landscapes, the former 
painted many views on the Miasouri downstream from Fort Union 
which^ Bodmer did not attempt. Bodmer wintered at Fort Clark 
and pictured vrinter life and ceremonies of the nearby Mandan and 
Hidatsa. Catlin depicted the importimt midsummer Okipa among 
Mandan and self-torture in the Sioux sun dance, neither of which 
Bodmer witnessed. Together, the artistic endeavors of Georg© Cat' 
lin and Carl Bodmer b lfi3S^ on the Upper Missouri are of unique 
ethnological importance. They comprise tlio largest^ most colorful^ 
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and most comprehensive series of portraits and scenes executed from 
life in the country of sny gi'oup of culturally rriated North Amer¬ 
ican Tiidiaii tribes in the daj'S before the perfection of photography. 
Undoubtedly tlicse pictures hare been very influential in implanting 
the stereotype of the Plains Indian as the American Indian par 
excellence in the minds of milliona of Americans and Europeans. 

CATLING PABiTINCS A3 ART.HISTORY, AND SCIENCE 


George Catlin has been a controversial figure in American art 
for generations. Ilia paintings have been enthuaiastically prai^d 
and disparagingly condeDciiied+ Soma aJ*t crilica Laya tagge ^ ini 
a romantic, others a realist, and still others an American primitive. 
Catlin certainly was not a member of any traditional school of art. 
He was self-taught and there ware both strong and weak points 
in tliat “teadiing," Initially and primarily Catlin was a portraitist. 
At his best, in liis “studio” portraits, CaUin deserves to rank among 
the better portrait painters of his time. There caa be 
of bis ability to create n realistic likenesa of his sitter. Catlin s field- 
sketching style, however, was impressionistic. It was develoi^ to 
meet the needs of his working oonditiona—a bold, rapid technique 
for pictorial reporting. TVhat his field pictu^ lacked m tohwcal 
skill they nmy hdve gained in freshness wid directness- s ff j 

to make his field record as complete as his limited time peimitted 
Catlin could not wait to fully exploit the artistic possibilities of 
each subject To siieed his work he adopted 

ventions—his own system of pictorial shortliand. Undoubtedly Gat¬ 
lin’s reputation as an artist would have fared better had be not 
tried to paint so many pictures and to preserve them all—good, bad, 


andindirrerent. , . .v i , 

Nevertheless, the great number and variety of Catlin s western 
paintings give Ids work a compreheiiHiveneas that ifl important to 
the liistorian and ethnologist, Catlin himself expressed the hope 
that visitors to his exhibitions would “find enough of historical 
interest excited by faithful resemblonco to the physiopomy and 
customs of these people, to compensate for what may bo deficient 
in them os works of art” (Catlin, 1871). Probably majority 

of men, women, and children who liave enjoyed Catlm’a 
preferred to look at them os historic document or scientific illns- 

trntions rather than Its works of art, ^ 

Catlin painted Oie largest collection of eariy pictu^ of the w^ 
em wilda and their Indian inhabitants, reliable are these 

pictures geographically and elbnologically f ^e on 7 proper 
is Uiat each painting must be appraised on its o™ merits men 
we begin to do that we find that the scientific significance of Catlin 9 
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pamtings v&riea ss does tlieir artistic qualitj.^ One can neither praiso 
nor condemn them all in the same words. Some paintings bj Gatlm 
do contain questionable or erroneous elements. In some other paiDt- 
ings he exaggerated the truth. But we know, too, that in still other 
pictures Catlin was ramarkablj accurate efren to minor details. And 
finaUj there are paintings by Cathn that no one now living can 
appraise precisely because they are the only remamlng records of 
their respective subjects. These pictures may be uniquely valuable 
os contributions to knowledge. Scholars^ hobbyists^ in fact anyone, 
adult or cMIdj who enjoys leaming about the old West should be 
grateful to George Catlin for his Tision snd accomplishment in pre^ 
serving a pictorial record of a picturesque era in western history 
that is forever gone. 


THE GEORGE GATLIN COLLECTION OF PAINTINGS 
IN THE U. S. NATIONAL MUSEUM 

The collection of original paintings by George Catlin in the TJ. S. 
National Museum comprises 445 items, including the majority of the 
original oil paintings in Catlings Endian Gallery eitiiihited hy him 
in the United States and in Europe in the years X8Sa-l852. By 
actual count 422 of the 607 painting uumbera listed in Gatlin’s eihihi- 
tion catalog of 1840 are In this collection.* In addition the collection 
includes 33 of the lOO paintings which Catlin eiecuted and added to 
his exhibition between 1840 and 1848. 

When Thomaa Donaldson prepared “The George Catlm Indian 
Gallery m the U. S. National Museum" published in the Anniial 
Report of the Smithsonian Institution for 1885 he based his studies 
upon the entries in Gatlin’s eshibition catalogs rather than upon a 
precise check of paintings in tlio Catlin collection received by tiie 
U. S. National Museum. In consequence, the Donaldson catalog h^ 
some 86 numbered items that refer to paintings in the on^nal Catlm 
Gallery but that are not and never were in the collections of the 
National Museum. The Donaldson catalog has long been out of 
The checklist that follows has been compiled from the catalog records 


of the museum. . , 

To facilitate use of this diecklist by students it has been org^MU 
primarily by natural and cultural areas (i. e. Great Plaint W<^- 
landa, Far Northwest) aud secoudarily by tribes, alphatettcally, 
within each priroaiy area. The reader interested in determnung wliat 
paintings in the coUeotion refer to the Mandan Indians, for example, 
will find all the Mandan portraits aud scenes listed under that tribal 
heading in the Great Plains major division. Under each tribe is giJOT 
a brief statement of its location at the time George Catlm visited it 
and of the present location of sizable concentrations of descen 
of that tribe. Each painting is designated by a sliort title rather 
than by the lengthy one Catlin may have given it in his exhibition 
catalog. The exhibition catalog number of each pamtmg which was 
exhibited in Gatlin’s Indian Gallery is given and the U. S. National 
Museum catalog number of each painting is listed. 


‘Catlin BEva mo« tnaa one aiw.l»r to portrait wnicb laclodrf rf 

two or niort tnOlvldoala. Hhi« palnttoff aombew In hH MmiUttoB «ta1o*a 


exceed tbe actTi4l inS 2 Dl>fT of paintiogH- 
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Persona wishing to order photogropha of paintings in this coUec- 
tion will find Cat!in’s 2*ifolimie work (Catlini 1841) a holpfiJ refer¬ 
ence for identifying many subjects. Tlio majority of the subjects in 
this collection were reproduced as line illustrations in that publica¬ 
tion. As a general rule, howe¥er, the large oil portraits (2S^^ s 23''), 
the land&cspeaf and many of the scenes in Indian life are more at- 
fcractiTely rendared than are tha same subjects in the little book 
illustrations. Those subjects not reproduced in Catlings book are 
preceded by an asterisk in this list Many of them never have been 
published. 


INDIAN THIBES OF THE GREAT PL4INS 

Arikara 

1532 location: Ob River north of mouth of Grand River, 

prcaeut South Dakota, Now on Fort Bert hold Ri^rvatioB, North 
Dakota. 

Ccfhn U.S.NM- 

nvm&4T 


Bloody U&Bdi chief of the Arlkam_____ 123 3S6123 

Tha Twin, wife of Blocidy Hand.. 124 336124 

Sweet-scented Grass, ]2^year-old daughter of Bloody 

Ilaod-. .. 125 386135 

Arikars village of Curth-covered lodges, 1.600 uLties 
abova St. t^uii___ 3Sg 3S6371 


Ai^nlbdn 

1332 locatJon; North of hfasaouH JUvcr io present North Datot* 
and Montana and adjacent areas of Canada, Now on Fort Belknap 
and Fort Feck EmrvaGoBa, Stfontana. and in Canada on Batticfardr 
Edmonton, Aaslniboin, Mow Mountain, and Stoney Reserves. 



Ceffiu 



nnintef 

nuJtiheT 

Pigeon's Egg Head {Tha I^eht), dlstlnguiahed young 



warrior... ___ 

379 

3S4jl79 

Pigeon's Egg Head (The Light) golog to and retum- 

UigfroiD WaaiangtOB (1831-32),,.. 

474 

3S64j4 

Fire Bug That Creepa. wife of above.,_ 

ISO 

3«61«0 

.Asslniboln woman and child..__ 

ISl 

386131 

Pipe Dance, ABainiboln.,____ 

463 

336436 

^Aariaiboln Indians running buffalo on snowahoes. ... 

558 

336-130 


Blackfoot 

1832 locatioR: Presenti norUi-^sstitral hfontana and southern Alberta, 
Canada. Now on Blaokfect Reservation. Montana, and in Alberta^ 
Canada, on Blaokfeet^ Blood, and PJegan Reserves. 


Buffalo BnU-fl Bank Fat, head chief, Blond tribe... 

Crystal Stone, wife of above, ___ 

Grandson of Buffalo Bull's Back Fat..”!I '* 


Cbrita 

number 

149 386149 

150 386150 

169 336169 
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Cot/lrt 

Blacltfool—Continu^fd numhvf 

Buffalo's Chyd,___.....- 151 

Eagl^'e Kllja^ a Fie^^n chief (fulMcngth)-*--- 152^ 

•EaEle'fi Riba, a PSegan chief (bust onJy)_..«-- 160 

♦Iron Horn, n warrior,,,^—..—... 153 

Woman Who Strikes Many— -165 

•Boar^a Chtldp a brave^____167 

White Buffalo, an aged loedicine man.. 15S 

^lediciua toaD, performing his tnyateriea over a dying 


Caddo 

1934 location: Northern Texai. Nov In fouthwettEerfi 
near Anadarko, 

CoHin 

numZur 

•Caddo Indiana ohasing buffalo^ Crofll TimbeiOp 58ft 


U.S.N.M. 

iHimfrrr 

aaaisi 

330152 

330160 

330153 

336155 

33SL57 

330163 

306161 


Oklahoma 

U-S.N3L 

numhtr 

336462 


Cheyenne 

1832 locatfon: In Platte River vaUeyp present eaitera Wyoming and 
Colorado. Now on Cheyenne Reeervitlon^ hlontanap and Cheyenno 
and Arapaho Rewrvatioiap OtLahonia,) 

Codirt U.S.NM- 
aupn&tr numher 


Wolf on the Hill (High Wolf), tribal chief--. 
She Who Bathes Her Kn.Ka, wife of shove—. 


143 336143 

H4 383144 


CamAnche 

1S34 location: In present northweetem Teiaa and weAlem Oklahoma. 
Kow La sfluthwestem Oklahoma near Lawton. 

Cailin 


Bow and Quiver, firat chief of the trib#_„---— 

Mountain of Eocka, aocond chief of the tribe.,--- ---- 
Carriea a Wolf, a djsUngiilflhed bravc.^-- — 

•Hair of the BuU^a Neck, a cliicf^— --— 

Wolf Tied with HaiTp a ehitr__.- 

Little Spaniard, a wnrrsofw,^^------—+--- 

•The Beaver^ a warrior------,----- 

Two COmanohe -- 

Comanche vMLage. Women dresaing robes and drying 

meat.^____—---- 

Comanche warriorst with whito fl^, re«iv# Bragooiia 

In 1634 ___._— -—-- 

•Comanche war party, chief diacovering enemy and 

urging hia men at sunrise-—— -- 

Comanche moving campF dog fight en route,- 

•Coniancrhe warrior lanciog an Oaage at full speed.--- 
•ConiBiicho giving the orroft^t to the Medlcfue Rock to 

bring lucccsa in war,---—--- 

Comanche feats of horacmansbip-^aham bsttle,,--- 

Comonchs meeting the Dfagoom-- 

•Comanche akin lodge (tipi).—-- 


nnaihfr 

46 

47 

49 
40 

50 

51 

52 
53-54 

346 

353 

45ft 

466 

471 

472 
487 
433 
4ft3 


nnnihiT 

3360-16 
336047 
3B6043 
336049 
386050 
3S6051 
3B6052 
396053-4 

380338 

385345 

386442 

396447 

396451 

3B6452 

386463 

386464 

386467 
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C<iiii&ncHe—Continued 

^ConumebG mounted war party____ 

Bre^og down the wQd liorso____ 

*Coninnche chnfi^ng buffalo with bowa and laacon..--. 

•Mounted war party GCOUriug a thioket..^___ 

•War party on the marchp fully equippecL-,^^-,^^,^- 
•Comanche {or Kiowa) Indiana dreasing aldnaj Hod 

Eiver....... 

•Coiuaiicho Indiaua tbaaiug buffalo* Texas.._...... 


Crow 


Crow ReAervatiOD BOUtheaatem Montana. 


Four WolveSp a chiofr In mourning_____ 

Up Who Tice Eis Hair Before..... 

Two Crows* a band ohJef...____ 

•Hfl-ra-td-s^ a brn%^e_._____ 

Woman Who livea in a Bear'a Den, her hair cut off 

in rfiouming.--......____ 

Red Bear_ 

Twa Crowa (the younger).______ 

•Very Sweet Man^_______ 

Crow lodge of 25 buffalo eidns ... 


Cnfb'a 

t/.S.JV.Jtf, 

number 

number 

496 

3S6470 

5D1 

3S5473 

564 

366483 

586 

386491 

596 

386496 

mr 

3S6497 

mo 

386506 

It Montana. Now on 

CatUn 


jinm&fr 

numbei* 

152 

3Sai6^ 

163 

3Sai63 

164 

3Sai64 

155 

SS91Q5 

165 

356164S 

167 

3S9I67 

168 

3Sai6S 

IG9 

9W1G9 

491 

38G4G1 


Cree* Plain* 


1832 locations Korthem North Dakota and adjacent area of loittlierD 
Canada. Now sevarat reserves In Saakatchewao and Alberta* CanadA. 
and the Hooky Boy^s Heser^^ation, Montmia. 


He Who H as Eyes Behind Him (also known ae Broken 

Arta}p n foremost brave..____ 

Great Wonder, a Cnee woman carrying her baby in her 

robo-,^,,^________..._ 

Tow-^ka-wetp a Cree wonmn.... 


CaHin 

V.3.N.M. 

number 

numMr 

176 

3S0176 

177 

3BG177 

178 

3Sai7K 


Dakolai Euterii (Eastern Bioui) 

1832 Jocation; In present westeru Mlnneaota, oaateru North and South 
Dakota Now on reservationa in the Dakota* and Minn^oia. 


Big Eagle (or Blak Bog), cbicF of the O-fmh-kaa-kar 

tob-y^w^te Band______ 

Blue Medicine, a tnedieine man of the TLog^ta-to-ah 

Band_________ 

He Who Stands on Both Sides, a distingulsbed baU 

player.._______ 

Man, a distitiguiBbed haH player^_ 

•Sioux LaJte Calhoun, near Fort 6nelting,,,_ 

Pipeetone Quarry on the Coteau dc* Prabica._ 



U.S,NM^ 

nuin5fr 

nuiMbr' 

70 

386070 

73 

386078 

74 

386074 

75 

386075 

335 

380338 

337 

380334 
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Cailin 

UA - NM . 

numb ^ 

numbtf 

Ml 

336330 

43a 

3 S 6414 

437 

330421 

445 

33342s 

470 

3 B 04 SO 

S 46 

383473 


Dikolft* Esstern BIouiJ’^-CoDtfnuBd 

*Siaux I&dlanH purtuliig & cattOfli on St. 

PflteKa CMlnuBMJtfl) Eiver_,-- 

B&ll ptaj- of tlio wam^ny PruJrie dn Chfen.——— 

Dog Dance at Fort Sndling-—- 

*Brave*s Dance at Fort SnelUog.--——---- 

*Sio(uc worflhJping at the red boulders..,—- 
*BattlQ between Sioux and Sauk and Fok,,^-----^--- 

DakoCa* Teton {Weateria Sioui) ^ , 

IS33 locntfon: Present western Nebraakn, South and North 
eflstem Montana and Wyonung. Now on reaervatioiis in South Dakota 

and Noi^h Dakota. 


Ooo Horn, head chief of Mlnieonjou tiibc-. 

Tobacco, an Oglala chief---..— 

•Shell Man, an Oglala bravo--- 

•Corn, a Miblconjou (1> warrior---- 

•No Heart, chief of “ Wah-ne-watch-to-ne-nali Bead- 

Black Rock, a Two KettU (1) chief.— 

Red Thing That Touches in Marohlag, dBUgnter ol 

Black Rock*------- 

Utile Bear, a Hunkpapa brave.... 

The Dog, chief of "Bad Arrow Fointe" Band*—- 
Steep Wind, a brave of the '‘Bad Arrow Points" Baud 
Sft nd Bar. wife of the trader Fran^oEa ChmrdOD**— 

Sioui encamped on the Upper MiMOuri, drtsffling 

buffalo meat and rohefl-*- 

Dance of the ohieto, mouth of Teton River***— 

Scalp Dance, mouth of Teton River**--- 

•Scalp damm. Stem {variant of above)-*- 

Beggar'a Daneo, mouth of Teton River.****.---— 

Bear Dance, propariiig for a bear hunt*.*-—--—*-- __ 

War Danra-*-—--- 

•War Dartco (variant of above)--*- 

Self-torture in Siom ceremony .—.. 

•Butte do Mort (Hill of Death), Stem burial Bround.* 
•Smoking theehieid (probably Sloui).*„-*.*..--*-- 
Baud of Siom moving camp with dog* and honw*. 
•Medicine buffalo of the Sioui-***— 

Stem dog fcaot*-*- *—-— - 

•Stem Indian eouncU**—**.—- —*-* *“ 

•Stem Indiana on enowahoee lancing buffalo. -- 

Dakota, Yankton 

1832 location: East of Miflsourl 
Now OB r«ervalteni in South Dakota and North Dakote. 


•Toro Belly, a diatlngiil*hed brave****.--- 
Stone with Horn*, a chief...**.. 


CoJ^in 

t7S.Ar.Af. 

number 

numter 

69 

38«093 

71 

38(1071 

76 

369076 

7S 

386078 

79 

386070 

80 

389080 

SI 

386081 

84 

366084 

35 

389085 

89 

389096 

89 

366086 

1 

877 

389392 

436 

389420 

438 

38a423-A 

3B6422-B 


389429 

44Y 

386430 

457 

386438-A 


366438-B 

idO 

386443 

47S 

380455 

477 

389457 

482 

389460 

43G 

386461 

404 

3S646S 

405 

386490 

* 965 

386184 

presetit South Dakotii. 
h Deiteota. 

Callin 


nvmbfr 

nainhrr 

77 

386077 

&2 

386083 
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DiknUf Tniilftoiiii 

^ IS33 lotiation: Eflat of Miwuii Rivet in present North DAkets. 
Now on mervatione in North Dakota^ gouth Dakota, aoci Montana 


Cailin Ur3.K.M. 

*Trr ^ , * ntimfcef ftur^ 

Wan-ee-tyODj Yatiktona! hoad 72 30607^ 

(MEfltermcrd "SisMtoo'' by Gatlin) 

Eutem Dakota (see Dakota, Eikstom) 

HIdsiflB (CaDln'a “^^Minnatairee") 

V On Knife River near the Miseaurl River in prewnl 

>orth Daketa. Wow on Port Berthold HD&ervaUon, North Dahota. 


Coffin 

, nuffifrff 

Black MDoewn, aged ohicL__^_^^_ ifi 

Red Tliiinderp son of Blncfc Moecasii 5 __,___,^ 172 

•Two Crows, R ™ 

•Wife of Two Crows._____ 

Mid-day Sun, a pretty girl___ _____ * 

HIdatBa village, euthniovered lodgeq, on Knife RIv«^ 
lp81l> mJlea above St. Louis__ ___ _ ggg 

Green Com Dance of the Hidatsa_448 

Towa 

1832 loeatloo: In preaent Iowa east of Mtsaourl River. 
resarvatioM In Kansas, Nebrnslta, and Oklahomn. 


UJS.N.M. 

naifibrr 

386171 

3 S 6 m 

3S&l?a 

386174 

38617^ 

886360 

38642|t 


Now oil 


No Heart, chief of the tribe,-__ 

Shooting Cedar, a btavn,,,^___ 

*WflJks In the Rain, a warrior___ 

•Walking Rain, war chicL (S&itte aa above?) 

Man of Sense, abrnve*^*, ___ 

Busy Man. n bravo, ____ 

•Mfin-no-o-ye, a woman.,__ 

•little Wolf, a famous warrtor__,,___ 

•Strutting Pigieon, wife of White Cloud 

•Pigeon on the Wlngp a 

•Female War Eagle, n woman.,,___ 

Kansu 


Caiiin 



nwmftcr 

266 

3662S6 

257 

3S62S7 

25$ 

3M2SS 

516 

3S6313 

259 

386259 

260 

3««26l> 

232 

386262 

521 

3SS313 

o25 

396525 

526 

386526 

528 

386628 


IMl loettioii ! On Kanau River about 70 nUlea west of the MliMiifi 
OkSomaJ’""*’'* on th* Kanaaa or Saw Reswvatiofl. 


The Wolf, a chief*^__ 

Cannot Be Thrown Down, a warrior.^,___ ” 
No Fool, a great fop.^,.._ 

Uttle White Bear, a diitingiilahed'brai^'. 

•Btar-cateher, a wtebrated wiurior..V7.\"" 

*Maii of Good Sodm, a jrouDg warrior*.,.,, _ 

Wife of Bear-catcher, __ 


Coffin 

U.S.M.M, 

numfier 

num^rr 

22 

336422 

23 

386023 

24 

38602^ 

25 

386023 

26 

386026 

27 

386027 

28 

3S6028 
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I $34 locfttion: In pr«sciit MutUweatem KviMa, vettem OltliiinstM, 
n&d northwestern Tesaa. Sow on Klows Rese^etion in eouthmstero 
OklabOMJL. 

CatUn U.S.N.M. 
autn^ niijwfecr 


Teb-toot-Bah (better known M DobAftiiD. LitUe Btufi), 

firit -----— 

Smoked SbleJdp a dlstioRuiabed warriot,,, -^--- 

New Fire^ a Band chlef,^—---- 

Stone Sh^lp a brave---- 

Thmidfirer (a boy) and White Wea$el fa gbi)------- 


62 

fU 

S5 

66-67 


3S6aa3 

Sa60C3 

3^6064 

356065 

366066-7 


Mandan 


1S32 loeatiou: On Mkoourl RiveCp North Dakou, Sow on Fort 


Barthold R^rvatton, North Dakota, 


CaiUn 1/.5.JV.M, 
numjb«r 


Wolf Cbier, a bead chief of trJbe^— 

Four Beauty ecooud ch^el {full-lengtb)_ 

■Four Beara, aecond chief [half-length)-^-- 

Old IhsaTp a medicine man, ------ 

Riteh^ through the AlLddlo+ a brave, ^ 
iVloufifr-colored Feather, a noted 

Minkp a beantlfijl --.. 

Miutp a pretty girl of 12 yeaia,,----- 

Distant view of Mandan village. 

Back view of hlandan village, ^ihowing cemetery.—- 
MAndw «aine of 'TeliunB-^iw” (Isoop-And-polB 

game)---..: T V In- 

Mandun horacracing on rawcourte back of vUlagu-.- 

*MBndaD footrasc on Ibo same 

Mandan archery contest—-— ——--^-- 

Mandnn buffalo 

Mandnn boya in abam 6ght_.--—---- 

Foot w-ar party In eounctl* Mandan.-----7/""!"" 

■MandiUl attacking a party of Ajitara near Man n 

village^ —---- 

Raininaking among tho Maodan——^-- 

Mandnn scalping an cpeniy----- 

Bird'a^ys view of Manrtan village---**---- 
Interior view of Mnndan inedEcSne lodge-- -- -- -- -- -- 
Bull dancOi part ol Mandan Okipa cereinDn> 

The Last Ract, part of Okipa Miemony..—' 


127 

m 

131 

m 

130 

122 

133 

134 

m 

392 

431 

433 

433 

43S 

440 

m 

m 

464 

476 

498 

503 

&04 

506 

507 


3S012T 

356123 

356131 

386129 

356130 

^em 

386133 

386134 

386364 

3&^T7 

336415 

386416 

355417 

336419 

356424 

336437 

336441 

336445 

385455 

355471 

336474 

336476 

336476 

336477 


Missouri . t 

1531 loMtinn: Will tb* Oto on PWte Rivor in pretax Sebruk*, 

Now in OklBlioina, U.SM.M- 

numiw fniBiie»' 

l22 8$6i22 

HeWho KUtothsOsoaea. cblefof tbe trlbo-*—-- 
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OjIbwB, Flfllna (Gatlin’s ^^CIuppBwnya’O 

lft32 bcations Nnrtbem present North Dakota and adjaeeat 
OanailaH Now os Bocky Boy^a ResorratiODj Mantaiiap and TurtlB 
MouDtaiti EescTTatioDp North Dakota. 

CaUin US^N.M. 

number 

The BiXj chief of th& Pbins Ojibwa™«_^___ 18^ 38819^ 

Wife of The SLe„. 1&5 38811^5 

♦Kay-fr-gls^eia, a young wottkan___ISS 306183 

Travola Everywhere, a wanior.^__ 1S9 3061S& 

Omaha 

1002 looaUoD: Qd Msssonri River in present Nebraska. Now on 
Omaha Reservation^ Oklahoma, 

Collin U.3M.M. 

fiafB&fl* nutnfvr 

Brave Chief, oMef of the Omaha...___113 380113 

Bi^ Elfcp a famous warridir-.._114 388114 

*There Re Goes, a bmve.^.___ 115 3SSIIS 

*£kiuble Walker, a brsva,_ 116 3S6U6 

*GrBve of Blackbird^ Omaha ohJof, on hfJsflOUri River, 

IjlCMl miles above St. 365 3S63E0 

Osage 

1S34 location: Oa Arkinsaa and Neosho Rivera in proBeni Dkiahooia, 
Now on Osage Reservation, OkUhoma. 

CaUin 

numtrr 

Clermontp first chief pf the trCbe_ 29 386029 

W6h-ch«-te, wife of Ctermont, aad ohiM...^^_ 30 386030 

BJack Dog^ second chief._ 31 386031 

Tal-i«t a warrior of dlatinotiOD.....__ 32 386033 

*Wa-ho-b6ck'ee, a handsome 33 386033 

He Who is Hot Afraid, Big Craw^and Man of the Bed„ 

three young waniora_.--_w-_^^__ 34-36 386034^46 

*Hc Who Takes Away, War, and Mink-eh^sk, three 

dlsUnguished young men..._ 38-40 336038-40 

•Mad Buffalo, murderer of two white raen_,.__ 41 386041 

•Madman, a dlstinguiihed warrior^,,_ 42 386042 

•White H^p the Younger, a Band oMef._ 43 380043 

•Bandeoine BircL.^___ 44 306044 

•Little Chief.___ 45 386045 

♦An Osage Indlao lancing a buffalo-.__ 567 3864S5 

Ole 

1831 location: Lower Platte River, present Nebraska^ Now on Ofco 
Reservation, Oklaboma. 

Collin 

numhef 

•The SujTounder, Oto ohlef___ 117 386117 

Strikes Two at Once^ a brave...^_119 386119 

Ijxise Pjpe-etem, a brave.120 S86120 

•Be Who Ejtehaag«- 121 3B6121 
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Pftwiiee 


1831 locftdon; On tribctuJea of the Plntto nnd Knaws Wvm in 
preunt Nebwakn and Kms«. Now on Pnwnee Keservation, Oklahoma. 


Hofse Chtef, Grand Pawnee head ohiel- 

Buffalo Bull, a Grand Pawnee*--- 

•Medicme Horae, a Grand Pawnee braTe- 

•Little Chief, Tapage Pawnee waixior- 

♦Bird That Goe* to War, a Tapage Pawnee—*- 

•Mole in the Forehead, RepubUean Pawnee chief- 

•Man Chief, a Republican Pawnee--*■ 

•War Chief, a BcpubUcan Pawnee.*-.-.. 

•The Choyenoe, a ReputaLean Pawnee---— 

Big Bit, Skidi (Wolf) Pawnee.-.. 

•Brave Chief, Skidi (Wolf) Pawnee.. 

■lU'naturad Man, Skidi (Wolf) Pawnee.-.. 

Plalni Cree (See Cree, Plafna) 

Plalna OJtbwa (Sec Ojlbwa, Plaioa) 


CoKia 

t;.s.N.af. 

jiumN" 

liwnher 

99 

3S6069 

100 

380100 

lot 

386101 

102 

386102 

103 

386103 

104 

386104 

105 

386105 

IDS 

38610S 

107 

386107 

IQB 

3S6I0S 

110 

386110 

111 

386111 


PontA 


1832 location: On the Mhwouri River in vicinity ™ 

River in present Nebraska. Now on reservations in Nebraska and 

Oklahoma. 


The Smoke, chief of thn tribe. 

Pure Fountain, wife of The Smoke— 

Great Chief, eon of The Smoke- 

Bending Wiliow, wife of Great Chief-—---- 


CoCfre 

tiunrber 

95 

96 

97 
68 


U.S.N.M. 

nvmtrr 

380095 

380060 

386007 

38600S 


Tcion Dakota (see Dakota, Teton) 

Until after 1830 their village stood on tito of present Waco, Tea 
. _--*f_WTnTiita In Oklahoma. _ 


uatu aiwr loow b- —--- 

Now on reservation with Wiehita in Oklahoma. 

He Who Fights With a Feather, chief of tribe.. 


Gotiin 

I4uni6fr 

m 


Wiehita (Gatlin’s '‘Pawneo*Picta'’) 

1834 location! Near Wichita Mountain*, southwestern 
Now on Wichita Reservation, Oklahojna. 


Wee-ta-ntoha-ro, head oUef of the tribe— 

Sky-ae-id-ka, second chief of tribe—-- 

•Kid-dpday, a distinguiahed brave.— 

ThJglis^ a Wichita woniiiii,^— 

Wild SagCp a Wiehlto 

•Botten Foot, a tjotad warfior--^-- 

•GraEMovetod lodgp of tbo Wlflbita------- 


&S 

m 

57 

&3 

59 

m 

m 


numb^ 

^S605S 


Oldohoma- 

numhff 

5S5055 

3S605* 

SS6057 

3^6056 

3S6059 

356360 

366466 




















516 ANNUAL HEPOHT SMTIHSONUN ENSTtniTlON, IflBS 

Tinkton DakolA {see Dekots, YaaktOD) 

YsakloiuU DalielB (see Dakota, Ysnktonal) 

WILDLIFE AND HUNTING SCENES ON THE PLAINS 


Cailin 

Anldape fiufii6£r 

Antelope-shootlcig^—decoyed 410 3S(5404 

Bear 

*liiditiii9 oa honKb&ck with iBLnces attackiag the 

gjiEily 418 5S&403 

*WeBpQnB and Appearance of th# gri^ely bear.. S6S 38643J 

•Wcapofia and eppearanca of the grlzsly bear. _ 38643:^ 

*CatUu euid party io canoo conrmated by bean on 

ahore, Upper Mlatouci..-.-_._ 585 386-ISH3 

♦GrizEly bear and idqubc (life aL!Ge)^___,_603 386501 

* Five heads o[ beara (oil study __ 316602 

finffaJD 

Bii^alo boll grazing-^-,,___ 404 3S63S0 

Buffalo cow graaing.,.,_____, 40S 3S5300 

Wounded bufaJo..^__ 406 3S6301 

Dying bu^alo___ 407 3S6302 

BuffaJo cbaae—alngle death, __ 408 3863P3 

BufTalo chase—a surround by the Eldatfla__409 385394 

BulTalo Chase with bows and lances....__ 410 3S6395 

^BuETolo ehaao with bows and tances.__ 4U 386398 

BtifTalo chaso—buU protecting cow and oaJf__^.._^_^ 413 8S5397 

Bu^alo chase—^ build mahiog battle with men and 

hordea._ 413 386393 

Buffalo hunt under the wolf-skin Enaik,,_ 414 386399 

^Biiffalo chase, mouth of ^aUowatone___ 4lS 3S6400 

*Buffalc] cIlssc In winter, Indiana on snow-aboes....^. 418 386401 

Buffalo chase iu wintert Indiana on aaon-ahoes.417 386409 

Batiste and I running buffalop mouth of the Veliow- 

421 3SO40S 

•Dying buffalo In a Bnowdrift__,,,,,__ 423 38M66 

Buffalo bulls fighting in running season, Upper Miflh 

aouri.. 424 386407 

Buffalo bulls in a wallow^.___ 42S 38640S 

BatEatc^ Bogard, and I approaching buffalo on the 

MiBsourL..-.---...__.^__,,_ 473 386453 

*Bogardp Batiste, and I chasing buffalo In blgh grass 

on a Mlaaouri bottom.___ 4S5 386463 

•Gatlin and party atsJklng buffalo on the Upper 

Mlaaouri„.,,,. 679 $86487 

•CatJin and guide approaching buffalo under white wolf 

akinH__..._^___,_ 690 386493 

•Catlln and party stalking buffalo In Tcias^,504 386494 

•Stalking buffalo, Arkansas...-,,,,__ 509 385499 

Balftlo and E3k 

•Elk and buffalo grating, Teias--...^,,,,. 380 386488 

•Elk and buffalo making acqualntanoe, Tflxna„__ 381 386489 
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BujTiJD and WoItah 

White wolves attacking a buffalo bull- 

White wolvea attacking a buffalo buU, .- 


Cuflia 

numhir number 
4a7 3S044a 

418 imm 


m 

*KIk gTftgmg an autumu pralris.n 


S9S 3Sff498 


Groaifl 

•Grtuse^ooting—on the MtiSOUFl prairUs---------- 

Wild Hones 

Wild boreea at pla?* Teiai-.^^-,----- 


m 335409 

400 3^5472 


MISSOURI RIV£R VALLEY LANDSC4PES 

Coitin U.S.N.it. 


View oti the Missouri, all\jvlal banks fftlHog in, 800 mils# 

above St. Louis--— 

"Brlak KilnSp" clay bluffa* miles above St. Louie.- 
•Font war party on the marcbi Upper 
tPrairie bluffs At sunrlaiii^, ntM moutt oi Yellowstone 


I0\-et----^ - 

Mouih of the PIfltte River, 900 miles above St. Loua- 

■MagnlfiBent clay bluffs, 1,800 miles above St. Louis-* 

■Cabtme’B tradinE house, 930 miles above St. LouIb— .. 
■Vieir In the Grand Detour, 1,900 miles above St. 

1jouIb^,________— --- 

B^utiful gfasy blnffflp 110 niibH above St. Louift,, ^ ^ 

Frairia meadow's buming-,----------—^ 

Prairie biuffa buroiag-^*—- 

"Flo>^'e Crave,’' where Levis and Clark buried 

Serisut. Floyd (.August 1804)-- 

•"The Tower,’' 1,100 miles above St. Louis.--- 

Pieturesquo clay bluff, 1,700 miles above 31. laiuis-...- 
" Belle Vue," Indian Agency of Mojor Dougherty, 670 
miles abava St. 

•Beautiful clav biuffa, 1,000 miles above St Louia. 

Fort Pierre, mouth of Teton River, 1,200 miles ve 

St. Louis____'"o'T”V'"" * 

•Nlshnabottaiia Bluffs, 1,070 miles above St. Louis. 
•South side of Buffalo Island, showing buffalo bemea 


Fort Vawn, mouth of yoUowatooep 2.000 miles above 

Bt. ------- 

^''Iron Bluff.” 1^200 milea ftbove St. Louli..—— 
Big Bend on the Upjwr Mtoouri. l,«Hl sbovc 


St. Louis. 

•view In the Big Bend of the Upper MisaourL. 

' The Three Domee," group of slay bluffs, 

nbothe Mandans., ,--— - 

'^Square BQlSp” 1.200 miles above 8L Louis— 


]£. miles 


nuirpii^ 

Aumto' 

353 

S66348 

365 

seii36i 

367 

33)6352 

368 

336353 

389 

330354 

370 

336355 

371 

360356 

372 

3S63S7 

373 

386356 

3T4 

336359 

375 

385360 

376 

280361 

378 

336363 

380 

366365 

381 

336356 

383 

336367 

384 

386369 

385 

386370 

387 

386372 

3S8 

386373 

380 

3S63T4 

300 

386375 

391 

386376 

394 

386379 

396 

386360 
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(Min 

fiuTnAAT numW 

•Upper rtvet bluffs AUd wtJte wolves ia fore¬ 
ground.—.... 30b 3bb3Sl 

BeftuUful prelrfe bluffa above the Poncas^ 1,050 miles 

above St. ___ 397 

• View from Floyd's Graven I *300 miles above St. Louii. SOS 38A3S3 

Blver bluffs, 1.S20 mllefl above Bt, 30® 3S63g4 

Buffalo herds oioesing the Upper 400 3SA3£S 

•Clay bluffs, 20 miles above the Map riapH ___ 4Q3. 

•NiflhoBbottaiia Bluffs^ 1,070 mlJes above St. LouLa..^-.- 403 39b3^7 

•Indians eBcampiDg at suneetp Upper Miasourl^-^.*,^^., 403 3Sb36S 

•Travelkig through tall graae lo a Miraoiiri bottom-.4Sl 330459 


SOUTHERN GREAT PLAINS LANDSCAPES 


•View On the juDotiDii of Bed Biver with the Faiae 

Washita in Taias_^..,_ _ _____ 

•Dmgoone croulng the Canadian Rivers 
•Ta-wa^ue-nah, or Rooky Mountaiu» near the Co- 

maoche vlilsge, Texaa,_______ 

•View In the ^'Croae Tltiobere/^ Te^___ 

•An Indian family alarmed at approach of a prairte ffre.—. 


Collin 

niftnder 

345 

331 

352 

362 

m 


U.S.NM^ 

number 

386337 

385343 

3S5344 

33^7 

mi^B 


INDIAN TRIBES OF THE GREAT TAXES AND WOODLANDS 

Cherokee 

1S34 location: In pmccBa of gradual removal to lands went of Mis^ 
■ippi Rlv^er from North Carolina and Geor^. Now in OkJahoms and 
on QuaQa EeflervatEon, North Carolina, 

CoiffTi 

nuFn&er na*nfiif 

GoMfl, A Band chief,...3S5 3852S5 

•Black Coatp a chief--._-__ 293 385286 


Cheelmw 


1934 location: In process of removal from Musiiaippl and Alab&Tns 
to present Oklahoma^ Now in Oklahoma nnd on Choctaw EMcrvatioP- 
ftliaalselppi. 


Puts Out and Kills, first chief_______ 

•How Did He KlllT, a brava,.„... 

Snapping Tuttle, welL-educated half-breed_ 

•A Choctaw woman-_______ 

•l>rEnks the Juice of the Stone-___ 

Drlnkii tha Juice of the St&nep In baU-player^s drees 

BaU-play dance,™.^,.__ 

Bali play of the Choctaw—bidl up,^___ 

•Variant of above^ but with tipis in baekgrJundll' 

Ball play of the Choctaw—ball down..^*__ 

Eagle Dance of the Choctaw**^___ 


Coffin 


number 

nuini^r 

294 


295 

3££3M 

295 

3S«396 

m 

SSASaT 

2fa 

386^ 

299 

388399 

427 

388410 

423 

BS8411 


888419 


388413 

449 

386449 
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CmU 

ISM lao&tlon: In proce^ of removal Iroto Oeofi^ and Alabama to 
preeeat OklAboniA. Now primarily in the ama of the old Cjneek Nation 
In OklahoniA. 



Collin 



fin inter 

fiiitFiher 

Great King, eaUed Ben Perryman, a 

236 

385m 

Sam Perfynum, brother of above---^___ 

269 

366269 

•Wat-fil-ie-go, a brave^* .. . . 

290 

3S6290 

*IIose-put-o-tdw-geo^ a brave^,^^ ___ 

291 

365291 

•Tchow-ae-pht-o-^kaWp a woman ____ 

292 

365293 

•Tel-maa-bflr-an^ a warrior ,, --- 

293 

3SG293 

Boiawsre 



1631 location: Henmant living on weatem bordeia of MiBeourL Omat 

majority of remnlaing Delaware aro now living in Oklahoma. 



CoUin 



numhcf 

aiiifi6fr 

the fth'Eflf - _ __ 

274 

385274 

The AiiRwor. eecond chiefs 

276 

366276 

NoD-on-di-gODp a eWef,,. . . . 

276 

386275 


[roouf^H 


1S30 location: PriioaiiJy on reaervatEona in New York and Ontiirio^ 
Oanada. Now located in came aoead. 


Ndt-io-wayi a ohicf-^^__—* 

*Cb£e-ab-k^tch^i wife of abo?e.....--- 


CofliR U.S.N.M. 

auinbfr ftun^&er 

106 36G1!>0 

197 3S6197 


itaakaaJda 

18SI looatloiiE Tribal leEnojmt near Fort Leavenworth in prseut 
Kaosflj. This waa once the ieading tribe of the lUlnaia Coidederaoy. 
Survivoifl prifnarOy in Ohiahonia. 

Cctlin 

num^ aymbcr 


UlO« Chief, a chief.-.. 386Si8 

Wab'pe-afliFsee, mother of above*..,—.—,,—247 


Kickapoo 

1831 Iscatian: Part of tribt wmoYBd from niinoil to west bwifc of 
Mlwuri Hiver neaf Fort Leavenworth In present Kanaaa. Now on 
Kickapoo Reservetlond in Oklahoma and Kafi a a e, 

Collin 
nujfibtr 

The Foremoat Man^ chlaf of --— 

Dock Turkey, repeaClhi^hi4 prayer^-,^^^-----*--— 5S4i 

•Elk's Horn, a aubchief.—--— 

•Big Bear_^..-...----— 

•A'h-tee-wd.t-D-Enee, a woman.--—- 

•Shee-ndb-wM.**__—-- 


242 

243 

244 
243 


38S24D 

366241 

365242 

365243 

265244 

3M245 


sioaid—»—W 
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Menominee 

1835 location: On the Fox Rirw and western ahore of Green Bay, 
Wiecoosin.. Now on MenomiDee Reaerratfoiip Wisconflin. 

Cdfita 


Oriaaly Bear, ohief. IIS S8521S 

Wounded Bcot'k Shoulder^ wife of abo^^e. * 210 3832 3.0 

Great Cloud, eon of Grissly Beer_ 220 3S0i22O 

•UttJe Whale* a brav^o___^_^^*_*_ 221 3S5221 

*The South, a noted 222 38Q222 

• Maab-kee-wet, ft gf&ftt dandy_ 223 386223 

*PBfih-ahe«-nau-flbDWr n wftTrfor___ 224 386224 

Great Cldef,™-. 225 SSfl32& 

SitUng In the Oouda, a boy_^^^- 220 383226 

•Earth StiiEidJngt an old warrior-- 227 38S227 

•Big Wave, old ftild distinguished chief.... 22S 386228 

•Small Whoopt a warrior___ 229 386229 

•Ab^yaw-no-tab-oap-ron^ a warrior^__ 230 386236 

The Owl, an old chief—-- 232 386232 

•Wfth^heea, ft brave. 233 386233 

•Portrait of two unnamed men..__ 235-^ 386235-^ 


Mahegan (Btockbridge) 

1S30 location: At New Stochbridge and Erotherton in western New 
York, already removed froni farther eaat. Now on reHrynttoo on *aid 
side of fjiko Winnebago^ WbcoikalD. 

Catlin U^S.NM- 
numbfT nwffificr 


Both Sides of the Blver* tribal chid. ... 272 3S62T2 

John W, Quinney (The Diab), tnl^ORary preftcher.- 273 386273 


Ojlhwa (ChippewA) 

IS3J5 loe&tlon: East of MieatssIppI Itiver in woodJands of present 
Minnesota, WlBCOnsin^ and adjacent nreae of Cnnada. Now primarily 
on reservatians in Minnesota, Wisconain, nnd aouthem Canada. 

Calfia 

auntber number 


•Meeting Birds, a bmvB......... 184 386tS4 

•tries the Ground with His Foot...__..... 186 386186 

Jd-ab-kfs-gaw, woman with eblJd In oradk._ 186 3861S6 

Sill Everywhere, a brave.*.__ 187 386187 

The Ottnwaj, a warrior, ___ 188 386188 

•He Who nailow_..,.__ 192 3S8192 

The Cmw* a dandy*..___ 193 366193 

•Male Caribou, a brave*.__ 194 386104 

•Strong Wind (painted in Enrope)_____ 613 366311 

•The Bail Storm (painted in Europe).__ 633 386317 

•Tempefft Bird (painted In EiiJope>.__,__„.636 380318 

•Bird of Thunder (pAlnted in Europe) .. . 636 386319 

•Pelieant n boy of 10 yearm (painted Id Eurcpe>_.___^ 638 386326 
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OJIbira (Chippewa)—Continued ” 

Canoe raee near Sauit Sto. MaHe--—-- 

SidCivraliDe dance at fiiat snowfaiL*,--— 

•Brftve^e Dance--------- 

•Four dwaoars (probably Ojibwa, peoatod in Europe) -- 
Making portage around Falla of Bt Anthony with 

bark canoee-------- 

•Spearing aaimOD by torchlight----- 
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Cafh'n 

C/.S.-V.Af, 

fiupn&er 

number 

434 

3S6418 

461 

385434 

452 

386435 


386439 

465 

3S6446 

676 

3S6486 


Dneida 

1830 IwsatioD! In New York and Ontario, Canada, New pdiMrily 
on Ondda Reservation, WimesfOp end Oneida ResierVAtlonp New York. 


Breadp the chief. 


CaUin U.S^N^M. 

270 3fie270 


1830 iDoatioo: Upper Canndii and Michigan* Now in 
Wiflcondn, Oklahoma, and vicinity of Lake Huron> Canada, 


♦Big gdlp a cMd^- 


Cd/in 

niimher 

m 


Michigan^ 


fiuifiber 

380108 


Peo la 


1831 locayon- BeaiDaot of tribe ol thn Illinoia ConfodBraejf lanioi^ te 


borthea^tern Oklahoma. 


Man Who Tradsa, a chief. 
No Elngliah, a dandy.. 


Cotifa 

numbtr nutniitf 
251 3S«25i 

253 3Se^ 


Pijuikaahaw j . 

JSi, L»v«™0. 1. P«»t KO' 


with Feoria in Oldahoma* 

nuniber nutahir 

^ 264 38625^ 

Fix with the Footi a brave--^ 3gfl25& 

Left HuQd< a warrior^---- 


nlawataml^^^ loeationj Tribe In ?«««« iSe'Sl^ 

rcettled nw Fort Uaveawonb i« ^ 

tlona Id Wiaconain, SiicbiB«u>. Oklahoma, and Banaaa. 

Cetian 

numitr mimlw 
237 386237 

The BftUk, In act of praying-——... 238 386238 

Bear Traveling at Night, a chief-.-. 
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SmTsk uid Foi {S&a and Fax) 

XS34 location: On Uppor Mwolwppt and Dw Mofnax Rivera in present 
Iowa. Now on Sac and Fox Keservationa in OklaboniB^ Kaniafl, and 


Iowa. 

Cailin U.S.SM. 

number numt^rr 

Keokuk (The Watchful Foat), chief of Sauk 1 3SS0C1 

*Eeokukoti hotaebatk.-^^__ __ 316000 

Catlia r/.S.N.If. 

numbcf aumbff 

Black Hawk* prominent Sauk cliJef^*^>__ 2 386002 

Whirling Thundeip eidcat aon of Btaek Hawk^^__ 3 366603 

•Ttoarin^f Thunderp youngest Bon of Black Hawk__ 4 366QD4 

Wife of Keokuk,,,__ 6 386005 

l>cer'e Hair* favorite eon of Keokuk. a 3860QC 

White Cloud (ca]Ied The Prophet) p ndviser to Black 

Hawk... 7 3S0OO7 

*iSoup, adviser to Black Hawk,,,__ B 3fl600S 

The WhaiOp one of Eeokuk'ff prindpai bravefl.-..^,^ 9 386005? 

The Buck"® WifCp wife of The Whale, __ 10 SS6010 

little Stabbing Cbiefp venerable old S&uk chief_ 11 366011 

*Tfae lowny^ one of Biaek Hawk’s principal warrioto.- 12 366012 

•The Swimmer* one of Black Hawk^a warriora^-,.^_ 13 3S6013 

•Littie Stabbing Chief the Younger* one of Black 

Hawk> bravea. 1§ 336016 

•Bcar^e Track, Sauk_ __ 16 386016 

•The Fire^ a Fox naedfeine man___ 17 386017 

Sturgeon^H Headp a Fox warrior-__ IS 366018 

•Three Fox IndJana Coara^ not pven),10-21 SS6010'31 

Begging Dance, Sauk and Fox___ 439 386423 

Dance to tbe bcrdaah-.^—,^,__ 442 386425 

Dance to the medicine bag of the brave-___ 444 366427 

Discovery Dance_ 44S 386431 

Slave Dance,__ 450 386433 

^^Smuklng Horsea.^* Fox going to war beg horses 

from the Sauk___ 463 386444 

Sailing in canoea_______,_____* 479 386468 


Shawnee 

1331 location: Kemoved from land east of the hlirasMippl River to 
present Kansan, Kow on Shawnee and Eaetsrn Shawnee RoaervatSuHfii 
Oklabemo. 

Cadm U.SN,M. 

_ nujnber ftum^fr 


Coe# Up the Hlverp an aged chief-^- _ 277 386277 

The Open Door* known aa The Prophet, brother of 

the great chief Tocumieh,,, _ 279 386779 

Straight Mao, Bemioivilized, .. 2 S 6 386286 

•Gfasop Bush^ and BloaeoiUp wmJcivilixed-^_,_^__„^__ 3 gt 386281 
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S^mltLole 


Cailtn 

U,S,N.M, 

number 

nvmbrf 

300 

3SC3iQ0 

301 

398301 

302 

3SG302 

303 

3S6303 

304 

398304 

305 

39830S 

307 

S&OhTOT 

386307H 

384 

3S6348 


1837 iocatlon: Part of tdb 0 "’reinovcd froiw Florida to present Otln- 
homA. Now OB raservaticnis In Flondi and Oklnlioiua. 


Miclr-«-i3o~pAhp firflt chief ai the tribe_--^-—--- 

«Oeooo1a. the Blaek Drink, diEtiniyishcd wiirrior- 

King PbRlIp, second chief..... 

The Clotid, a -— 

CcNee-M-jo^ a chJof_„„w-^---—-- 

Tlia Ucker, caUed ^‘Cfcck BUly'‘-- 

A Sominolo ’woman.-_____ 

Osceola Nick-a-no-eheep a ---- 

Seminota drying fisk White Sand mnffB on Santa Hwi* 

Island, near Pensacola--------- 

Seneea 

1830 location: Piimanly on rescrratioiijn weatem New York, Now 
primarily on reservationa in New York and Oklahoma, 

Caihn 

TiUfft^wr 

*Deep Lake, an old chief---- 

*Round l^andn a warrior--— 

Hard Hickory^ an ainiabk man.--—-- 

Good Huntar, a warrior.---—--- 

^String, a renowned wartior^—— 

*Scneca Steele, a grEat libertine- 

Ynscarora 

1S30 location 1 Primarily on reaervatioD in wesiero New York, Now 
primarily on TiiBCarora Keservation in western New \ ork. 

Caiiin 
nuMber 

Cd-fick, son of the chief-.----- 


2C8 

2&> 


numbef 

3S^2M 

3S0265 

3Se26fi 

830207 

30826S 

S80260 


U.S.NM 

Rtimher 

330271 


W« 


1831 locatloL: llemoved tom to the MtoourflV^oy »«tl> 

of Tort Iweavcnwoiib In ptessnt Kuasao- Uter eonsolkUtcd with Pwrifc 
and other Ktnnant tribce in Oklahoma* 


Stands by Blmselfp a distitigniahed bravc---,-— - 
The Swan^ a warrior,.-—-—--— 

Winnehaga 

18SS location: North of WwcoPslii and Fci Rivm 
Now on the Winnehago Rraerv^atloOi Nebraa 
allotments of WisooMin,^ 


^Dit-eor-ra-a, chief of tribe, end Mb tomily. 

Men Who Puts All mit of Doort--- 

*Tbe Wonder-.-,,--—---- 


CerfJfl 


number 

ntiflibfT 

248 

388248 

249 

388249 

Riven id 

WIhocMd. 

and In public domain 

Caitin 

I/J.JV.Jtf. 

number 

number 

190-203 

388199-208 

207 

886207 

208 

388388 
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annuaij hepoet si^imisoNiAN iN&TmrriON, 1955 


Will Acbofo-—Con liuued 

Wood_________ 

•KAw-kaw-ne-chtfo-^j a brava,_____ 

*Coiiiea on tbe Tbuoder^-,__ 

•The Soldier..—^ 

Tlifl Smike_______ 

*Tho Spaniard-^^__ 

*The Utllfi Elk... 

*Ereaka the ____ 

♦Molatenfl tbo Wood,_____ 

•Winnebago ebooting duoka on WisoODain Elver.^_,,, 

Yiiflil 

18S7 location; Part of tribe mth Seminole 
Indiana. Now primarily In OkJahoma. 


•Deer without a nenrt, a cbEeT._ 

•Chfie-n-ei-o-co, dnughter of above ^ 


MISSISSIPPI VALLEY L/\NDSCAPES 


*St. LouJa ffom the river beloa',_____ 

•Bcsftutlful prairie bltiffa on Upper MiRaiaatppi _ 

Picturesque bluflft above Prairie do CMcn.^*__ 

•MBdnme Feirebanlt^fl Prairie above Prairie du Gblen...- 

Island, tJ. 3. Ganrisoti.—«__ 

*DeautiIiiJ Prairie bluOa, Upper Mlssfoaippi,_ 

Dubuque’s grave. Upper Misai^ppi _____ 

Pratrlodu Ghien, United 8tat4» OarriaoD. *--.””1 

Swan },aLe near tho Cbteau des Prairies__ 

•View OD Lake St, Croix, Upper Misaisaippi..,]"””**] 


Saiilt 6te, ATuLe from tbe Canodian shore, l 4 tke Superior 

showing U. S. Garrison tn dlstiuioe_ ’ 

"Nisgara FaIJa (on roll canvas lon^””*l”””” 

FLORIDA LANDSCAPE 

Beautiful Savannsh to the pine woods of FlorlthL. _ 

WILDLIFE AND HUNTING IN THE W(X)DLANDS 


Collin 


num^ 

numhtr 

209 

mm 

210 

336219 

211 

336211 

213 

336212 

213 

336213 

214 

366214 

215 

3S6213 

219 

336216 

217 

363217 

347 

336330 

and part with Cnxk 

Caitin 


number 

aumber 

m 

396309 

310 

336310 

kPES 


Co/bn 

U,5.A,Af* 

numher 

naaihrr 

311 

3S0326 

312 

330326 

317 

386327 

322 

386326 

32S 

3SG329 

320 

330330 

330 

386331 

333 

38633S 

34S 

380340 

350 

380343 

Collin 

UAltM. 

number 

nufflier 

339 

330336 


380604 

CaUin 

U.S.N.M^ 

number 

namOrr 

349 

380341 


•l>oer hunting by torchlight ia bark 


CaHin 

ntuq^r nuPN^ 
S54 3Sa4?i> 
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INDL4N TRIBES OF THE FAR NORTHWEST 

CjLfnMk 

Home UMTitoiT Lower Columbld RivWt» Gcorpe 

Citlin at tlma these pRlottnga were cseoutcd. 

Camn 0.£i.A.AJ. 

fiii}nb«r ntimtffT 

Wonmn luad otild, abowfjag haw beads af children nre 

flAtteaed______ 3»0H7 

A jouog 3S0U8 

Net Fflfce 

These two men vWted Bt. Loufa In 1832, CatUa painted tbern on 
thdr retuni Jouroef up the Missouri dressed U) Sioux costumss- 

CaiUn V,3-N.M* 

Rabbit’s Skin LogfpngS----.-. 

No Horns OD Hie Head--*-*- 

UNIDENTIFIED PAINTINGS IN COLLECTION 


nnmtKr 

*t!aideDttBfld man (probably Ojibwa, painted In Europe)----,- 
•UnidentlBcd man (probably member cT a Sontlieiiaterii tribe)- 


PortriJlS 


UJiM.M 

Seenss Humfcrr 

♦Oronp of dancem (probabtj enstern mnrglnnl Great I'lalns)—-8S^ 

•Group of dancers in India ink (probably OJIbwa. In Europe}^-BMCTH 

OTHER BlAJOR COLLECTIONS OF GEORGE CATLIN PICFURES 

L O’FflWon CoflceriMi. dWenpo Unneum of 

33 oU pnintlmts (maJnriW HtdUii. pnrtialts 2S'' s 33") 
tfSTeln nnte ISSS. OoUortlon porchnsed In IS04 from Emily O Fnl la^ 
dnn^tcr of Catiln's frlooA MaJ. Benjamin O’Falton, 
nmy hare been in collection of Cntlin palntlojsn *eM y r q™na 

and Corl Itedmeir at OTalloo^ country liome near St Louis In 
25 of t1)«oe painttoRS arc less finished londerinEs of 
Nattonnl Uuseum collection. AH 85 pntnGnps are ilescr 

^ Co^teorioa. American Museum of Natnm) History, New 

418 Qlte*ii^SnlbonM nf Gie 80tt Itemn Jn CaUlo’d Cartoon 
hlblted by blm in New Tort In ISTl, includes many replicas J" 

Enrope of original Indian Gallery subject*. Portraits 
and three or more to s palntlns^ Jo addition there aje m^y 
on Catlln-n uaTcls in South Ameri™ and North America ^«at of tlm 
in the leSffs, and a nerles of hlstoricnl 

eiplortHona In America intended for King LonU mtlipi* of Franca (Cat 

]ln,isn). 
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ANWUAXp report SMITHSONIAN INSTITUTION, 196S 


The New Torlc Pablle Llbmt^. 


Slioilar 


3, ^ouv^nir 0 / Worth ATnerimn Indians. 

New Tort CJtT. 

^UOd velum® MntDjnlDE m plat® ef pencU dwwlc^u with pace of 
iplikDatluti opposite each plute. DrjiwlngB executed In Europe ante 185’ 

™ ^ '■* adfUtlop there are jwr. 

of Indians i>r North AiuerJca west of Rodd® seen by Catlln In l^s 

i IMiUited buffalD robes preeuinalily owned by the arttst 

4. The Ao^fA AmrrfMa ij,dtati, fo the ittddie NhiciccafA OflKifn,, The Bewr 

li-.- ^ HunUii-ton Library and Art Gftllery. Son Marino, Calif. 
fs^ vf"^ ileiitical to tbDHft in New York IVibllc Uhrary 

oUHon-paper cartooim, moiiy IdentlcaJ to those in 
E UuseuiD of SatQtiil History (see No. 2 above). 

5, TBe J^ew York Historlcfll Eodetjr, No^uir York Clty^ 

drawlnsa. many ef thttn veary elmllar If not 
lueDticBl to No, 3 abo^t. (See HoJIawaj* 

6. Rouernfr of no North JmertpoFi /nttienj. The Newbeny Uhrary. Ayer 

CoUecUDiu CMcofD. 

portialte, one to a page. Title pese 
■leoed Qe^ Catlln, ISSit' ladndea portiHlts of Indloas west of ftockles 
HOC seen by Cu ttln until ISSO'a, 

T. YaleUnlTctslty Library. New naveo, Cotin. 

velum® comprlslog 216 j^acU portnUte, on# to s png#, 
to No. 0 above. Also A oil portiaita <m tardboanl 
& The THomoa Olltreaae Ijuitiliite of Arnerlcan History ami Art Tulsa. Okla, 
n w topUcM Of inrtlnji OBlIeiy subj^lo. (Maberly, 1«4 

> Miw. Owoa A. Toa^e, Refjlrtrar, bus Informed me tliat this wi¬ 
fi S? ^ 5® Cnufu waterwio® and 75 oU lAlnclan. 

0. Now York State Library. Albany, N,Y. 

Bound Tol^e contatnlng lOfi watereolof repileaa of lodloa Calleiy oil 
palndaga. (Baberly, K>4S, p. 233.) 

10. The Unlveralp Mtiseum, Cnlvereity of ronnitylvanla. Philadelphia, Pa. 
o oil paintings, Including the unflnishod sttidj of Eoolnik ou hort fb«rk 
produced in Haberly (ItMS, p. 120), and the eerl® of 4 Mandan Oktpa 
C^mmooy gieeaiq, 

M. The Royal Ontario Muaenjii of Archaeolosy. Toronto, 

33 oil paintings the majority of which ate wildlife nnd hunt lug scenes- 

There are in addition to these. 11 collectiona severel smaU coIlecUonB 
M Ratlin s works in otlier Jibmriea and zniiseuniE in the United States. 
Catlln waa unusually industrious os a copier of his own works in oils, 
wa pencil, and pen-and-ink. Other artists of the precamera 

? rt* or repainted their most popular works. But 

Catlin made replicas of 6teralJy hundreds of his pictures. Some of 

shown m plates 13 and 15 of this article, Catlin 
dlTaint^fwh^rr !ll? Plalwrated upon the Indian Gallery 

of Ktor slJ!; the subject in pencil. Consequent! v some 

‘.^s r.s, ,"r "’T-'r.*’ 
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iiigs and carlooD^ that have no pred^cessoi^ in the Indian Gallery 
series* Somo signilicant revelations of little-known Catliits un¬ 
doubtedly would resuit from a careful comparative study of all known 
collections of tlik artist's work. 

BlBLIOCSAPIJlf 

acrDUBOR, ieUltor)* 

AuJulHpiLDd blE 2 toI 4^ New Vorfc. 

BAijcn^ Swirr. 

lOm The art of t^eor^e Catllfl, Ftw. Anier. PhiJofl. Bac-p vol. CT, N&. % 
BaOO, John H» 

im Alter CatUn. Brwklra Uxm- Quart, rot 10, No. 1. 

Catiun, GEOBoa 

iiSll. Loi lura aaa autea un Uic niDuiieTiiSp cuatomH and contliGon of tbe Nortii 
American Indiaiia- 2 VP^. London* 

1644, CaBln'e Nortb American 1 milati portfaUOi Lopdoo. 

164aa- A descTiptSve cntalosue of CatUn'a Indiiin CaUacilPn- Londojt 
IMSU Gatlin^fl notaa of eight yeara truTtl^ and roeLdence In Enrope wltn 
hkNoitU Anierlcan Indio ucoUeclloii, g vole. New ¥orii. 

1861. O-Kce-Pap a reUj^aus ceremony and other tiwtonifl of tbe Mandani- 
London. 

ISTL CntalPEue descriptive and Instractive of CatUa’a IimIImi cartwna. 
New York. 

Souvenir of tl>e Kortb American Indiana. 3 vola^ MS. New York 
Public Library, Rare \iook Roodu 

The Nortii AmerlcaD Indland in the Middle of Uie Nineteenth Cen¬ 
tury, MS, Henry R. HuttUtMfton Library and Art GuUery, Ban 
MarlnOp CaUf, 

CoituEp CixmoE. 

184L Notes on the Uolted States of North America dnrlna a phrenological 
TUft in 1S38-1^P Svola, Phitadelphlap 
D* Voro^ BEaxAUii A- 

X^T, Acroea tlie wide Mlfisoiui* Boston^ 

DoffALDaON', Tiiomas, 

li«J7, The George CaUin Indian Gallery In the U. S, NaGonal Mumuiui 
A nn. Rep. Smlthaonlon tnut. for 1885. 

Ewfioe, John C, 

1W1». An anttarapolcelut loots at carlr pictares of Xorth AioeHcan Indlaiu. 
New I'ork mat 3«. Qiuirt, vol. 33, i 
^AaciLT, Love, 

1 wa PUFEOI t of the horizon * A life of George Gatltn i*alnter and recordH? 
of the AniBTlcan ImJian, New Yorfe. 

Hjutaia, Edwajui. 

xnsi. Gp tiio Midori with Audubon; The Joomal of Edward nanis. 
Kfi. John Francis htcOerniott. Norman. OkJa. 

Holloway, n. Mabhon. 

liH2, Mmwltigii hy George Cntilo^ New Yorte HIhL Soc. Qonrt-, YoL ^ 
No. L 

^n*P. Ja U gg 

lina. On tlieawurocTof Catlln'Baccoiintof tSeManilan ceremoDlw. Ann, 

Rjep. Smithsonian IiuU for 1672. 


470030—M-30 
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Kimz, Rodolth F- 

1&3T* of Uadolph Frddericli Kura . . . TffiM, Myrtii 

Jarr^l od. J. If- B, Hewitt Bur, Amur. EttmoL BnlL IliS, 

Mathew^p WA«IIlNflTO*V, 

IfeSft. Two^tnnclAuobi«ft^ Amer. Amtfitid]i]ii], September. 
t9&l. Tbe Catlln CoUee^oD of Isdlan paLutinga. Aao^ Hep, Uh Nat 
Miui. for 1S80. 

1002. The cartli Jod^ in art Amer, Aatbrop., il s.p toL 4, No. 1. 
Mjjxi3iiLiAKp Pm^ce afo Wra. 

1343. l^aTClfl in tbe Interior of Nortb Ameiim, Trans. U. Etaob IJe^yd. 
London, 

XlCOttBTt I. N, 

1343. Report Intended to iUiiBtnite a mnp of tbe tiyd.rogTaptLle9l hfislp of 
the Upper MissEssippl RLror, me do bJ I - N. Nicollet WaBbin^teti. 
B. a 

QuiMBr, GEOfian, 

TPri4H Indistis of tbe western Iroptfer, PnjDtLD;;^ Liy George Catllb, 
CblcoRD Nat Hist. Mua. 

3cinoaLcnArr> Hi^smr K, 

1S31-1SST, Hlfltorfml Bad etntlstlcal Information noffpecting' the liUtory, 
condition and prospecta of tbe IndlAQ tribes of tbe United Statei. 
BtoIj!. pi]il.-idelphla. 

Weoel, WAijm It 

I3S5. Areheologfcal matortala from the rlctnlts of Mobrldge, South Hakota. 

Bar, Amor. EtlinoU BnlJ. LST^ Anthrop. Pap. No. 4C3s pp^ 39-lSSi 
plH.KS-71. 

WHTESTKAAieF, FaABE- 

1950. Early Lectures of North Anierlenn Indtaua. A qtieatioa of ethnologj. 
Bull. New Torli Fnbl. Library, roL C3. No. 12, 
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1^ Otirn SJsawncc prtiphct *nd lifoihcr of lccuf«*^:^h. (279.) 
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I, Arilcara villigr, 1,600 mite* aboii* St. Uui». pgii,) 



L A bifdWi-e %icw of xhc Mandan vatage. 1.SOO milt, above Sl Lou!. 
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1. Siou* Scalp Dinec. f AiimilE b)- C»Tj[n in J8J2. 



2. Soua Scalp Djoct. Lithograph afici Catlin, 1844. 
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2. MaaJc Dauccv Chociaw. (449.) 
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1. Biifaki kuni under ilvs woU-dciTi. luajk. (414) 
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2. Buffalo cha« on honcbiik with bow* and lancoi, £411.) 
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L Fort Unjon, EFMJUlii of ihf Vdlowitonc River, 





2- Pjp^itoUr quarry 03l ttc QalCJita <ici Prairi**- 




Sourre of ibc rcii itclWp CAlEinite. (J^TJ 
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